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Foreword 




HE rapid evolution of constructive methods in recent 
1^. years, as illustrated in the use of steel and concrete, 
k* and the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody accumulated experience and approved practice along a 
variety of correlated Jines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to fill this acknowledged 
need. 

CL There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is to-day as much out of place on important work 
as the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Electric Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ing ; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

CL Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 



expert, but one that will commend itself also to the beginner 
and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the Building Indus- 
try as well. The various sections have been prepared especially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl- 
edge and make it a permanent possession. The illustrations have 
been selected with unusual care to elucidate the text. 

^ The work will be found to cover many important topics on 
which little information has heretofore been available. This is 
especially apparent in such sections as those on Steel, Concrete, 
and Reinforced Concrete Construction; Building Superintendence; 
Estimating; Contracts and Specifications, including the princi- 
ples and methods of awarding and executing Government con- 
tracts; and Building Law. 

^ The method adopted in the preparation of the work is that 
which the American School of Correspondence has developed 
and employed so successfully for many years. It is not an 
experiment, but has stood the severest of all tests — that of prac- 
tical use — which has demonstrated it to be the best method 
yet devised for the education of the busy working man. 

^ In conclusion, grateful acknowledgment is due the staif of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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HEATING AND VENTILATION. 

PART I. 



SYSTEMS OF WARMINQ. 

Any system of warming must include, firsts the combustion 
of fuel which may take place in a fireplace, stove, steam or hot- 
water boiler ; second^ a system of transmission, by means of which 
the heat may be carried, with as little loss as possible, to the 
place where it is to be used for warming, and thirds a system of 
diffusion, which will convey the heat to the air in a room and to 
its walls, floors, etc., in the most economical way. 

Stoves. The simplest and cheapest form of heating is the 
stove. The heat is diffused by radiation and convection directly 
to the objects and air in the room, and no special system of trans- 
mission is required. The stove is used largely in the country 
and is especially adapted to the warming of small dwelling houses 
and isolated rooms. 

Furnaces. Next in cost of installation and simplicity of 
operation is the hot-air furnace. In this method, the air is drawn 
over heated surfaces and then transmitted through pipes, while at 
a high temperature, to the rooms where heat is required. Fur- 
naces are used largely for warming dwelling houses, also churches, 
halls and schoolhouses of small size. They are more costly than 
stoves, but have some advantages over that form of heating. 
They require less care, as several rooms may be warmed from a 
single furnace ; and, being placed in the basement all dust from 
coal and ashes is kept from the looms above. 

In construction a furnace is a large stove with a combustion 
chamber of ample size over the' fire; the whole being enclosed in 
a casing of sheet iron or brick. The bottom of the casing is pro- 
vided with a cold-air inlet, and at the top are pipes which connect 
with registers placed in the various rooms to be heated. Cold 
fresh air is brought from out of doors through a pipe or duct 
called the '' cold-air box ; " this air enters the space between the 
casing and the furnace near the bottom and in passing over the 
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4 HEATING- AND VENTILATION. 

hot surfaces of the fire pot and combustion chamber, becomes 
heated. It then rises through the warm-air pipes at the top of 
the casing and is dischai^d through the registers into the rooms 



As the warm sir is taken from the top of the furnace, cold 
air flows in tlirough the cold-air box to take its phice. The air 
for heating the rooms does not eot«r the comhuation chamber. 
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Fig. 1 shows the general arrangeraent of a furnace with its con 
nectiiig pipes. The cold-air inlet is seen at the bottom and the 
hot-air pipes at the top; these are all provided with dampers 
for shutting oft or regulating the amount of air flowing through 
tliem. Tlie feed or fire door is shown at the front and the ash 
door tieneath it; a water pan is placed inside the casing and fur- 
nishes moisture to the wann air befoi-e passing into the rooms; 
water is eitlier poured into the pan through an opening in the 
front, provided for this purpose, or is supplied automatically 
tlirough a pipe. 

The fii-e is regulated by means of a draft slide m the ash 
door and a cold-air or regulating 
damper placed in the smoke- 
pipe. Clean-outdoors are placed 
at different points in the casing 
for the removal of ashes and 
soot. Furnaces are made either 
of cast iron, or of wrought iron 
plates riveted together and pro- 
vided with brick-lined fire pots. 

One great advantage in thi:4 
method of warming comes from 
the constant supply of fresh air 
which is required to bring the 
heat into the rooms. While tbi> 
is greatly to be desired from a 
sanitary standpoint it requires a ^' 

larger amount of fuel than would otherwise be necessary, for heat 
is required to warm the fresh air from out of doors up to the tem- 
perature of the rooms, in addition to that lost by leakage through 
walls :ind windows. 

A more even temperature may be maintained in this way 
than by the use of stoves, owing to the greater depth and size of 
the fire, which causes it to be more easily controlled. Wlien a 
building b placed in an exposed location, difficulty may be experi- 
enced at times in warming certain rooms, depending upon the 
direction of the wind ; this may be overcome to a large extent by 
a proper location of the furnace and the exercise of suitable cars 
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in running the connecting pipes. This will be tnken np later in 
the design of heating systems. 

Direct Steam Heating. Direct steam beating is used in all 
classes of buildings, both by itself and in combination with other 
aj'steins. The first cost of installation is greater than for furnace 
heating but the amount of fuel required is less, as no outside air- 
supply is necessary. If used for wanning hospitals, acbooHiou.ses 
or other buildings where ventilation is tleaired, it must be supple- 
mented by Bome other means for providing wjirm fresli air. A 
system of direct 
steam heating con- 
sists of a furnace 
and boiler for the 
comhiistion of fuel 
and tlie generation 
of steam ; a system 
of pipes for con- 
veying the steam 
to the itwliators and 
for returning the 
water of condensa- 
tion to the boiler; 
and radiators or 
<:nils placed in the 
rooms for diffusing 
tlte heat. 
^B- 8. Various types 

of boilera are used, depending upon the size and kind of building 
to be warmed. Some form of cast iron sectional boiler is 
■commonly used for dwelling houses, while the tubular or wat«i^ 
tube boiler is more usually employed in larger buildings. "Where 
the boiler is used for heating purposes oidy, a low steam pres- 
sure of from 2 to 10 pounds is carried and the condensation 
flows back by gravity to the boiler which is placed below the 
lowest radiator. When, for any reason, a higher pi-essure ia 
required, the steam for the heating system is made to pass through 
a reducing valve and the condeiLsation is le turned to the 
boiler by means of a pump or return trap. The methods ol 
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making the pipe connections between the boiler and radiators 
vary for different conditions and in different systems of heating. 
These will be taken up later under the head of design- 
Direct radiating surface is made up in different ways : Fig 2 
shows acommon form of cast iron sectional radiator; these can be 
made up in any size depending upon the height and number of 
sections used. Fig. S is made up of vertical wrought iron, pipes 
screwed into a cast iron base and is ii very efficient form. Fig. 4 
shows a type of cast iron wall radiator which is oft«n used where 
it is desired to keep the floor free from obstruction. Fig. 5 is a 
Bpecial form of dining-room radiator provided with a warming 
closet. Wall and ceiling coils of wrought iion pipe are often used 



Fig. 4. 

m school rooms, halls and shops or wheie the appearance is not 
objectionable. 

Indirect Steam. This system of heating combines the advan- 
tages of both the furnace and direct steam but is more expensive 
to install. The amount of fuel required is about the same as in 
the case of furnace heating. Instead of placing the radiators in 
the rooms, a special form of heater is placed beneath the floor and 
encased in galvanized iron or brickwork. A cold-air box is con 
nected with the space beneath the heater and warm-air pipes at 
the top are connected with registers in the floors or walls aa 
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already described for furnaces. A separate heater may be pro- 
vided for each register if the rooms are large, or two or more 
registers may Ije connected with the same heater if the horizontal 
runs of pipe are shore. Fig. 6 ahowa a section through a heater 
arranged for introducing hot air into a room through a floor 
register and Fig. 7 shows the same type of heater connected witli a 
wall register. The 
cold-air box is seea 
at the bottom of the 
casing, and the air 
in passing through 
the spaces between 
the sections of the 
heater, becomes 
warmed and rises 
to the i-ooms above. 
Different forms 
of indirect heaters 
*' ' aie shown in Figs. 

8 and 9. Several sections connected in a siugle gronp aie culled a 
" Stack." Sometimes the stacks are encased in brickwork built 
up from the basement 
floor instead of giilvan- 
ized iron as shown in 
the cuts. This metliod 
of lieating provides fresh 
air for ventilation, and 
for this reason is eB[je- 
cially adapted for auhool- 
houses, hospitals, 
churches, etc. As com- 
pared with furnace heat- p. - 
ing it has the advantage 

of being less affected by outside wind pi'essure, as long nuis 
of horizontal pipe are avoided and the heaters can be placed 
near the registers. In a lai^ building where several fui^ 
naces would be required, a single boQer can be used and the 
uurn'oer of stacks' increased to suit the existing conditions, thus 
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making it necessary to run but a single fii-e. Another advantage 
13 the large ratio between the heating and grate surface as com- 
pared with a furnace, and as a result a large quantity of air is 
warmed to a moderate temperature In place of a smaller quantity 
heated to a much higher temperature. This gives a more ^ree- 
able quality to the air and 
renders it less dry. Direct 
and indirect systems are often 
combined, thus providing tlie 
living rooms with ventilation 
while the hallways, corridors, 
etc., have only direct ladia- 
tors for warming. 

Direct-Indirect Radiators. 
A direct-indirect radiator is 
similar in form to a direct 
radiator and is placed in a 
room in the same manner. 
Fig. 10 shows the general 
form of this type of radiator 

and Fig. 11 shows a section Pig. ^^ 

through the same. Tha shape of tlie sections ia such, that when ' 
in place, small flues are formed between them. Air ia admitted 
through an opening in the outside waU and in passing upward 



through these flues becomes heated before entering the room. A 
switch damper is placed in the duct at the base of t)ie radiator so 
that the air may be taken from the room itself instead of from 
out of doors if so desired. 



10 HEATING AKD VENTILATION, 

Direct Hot Water. Thia system is similar in construction 
to one for direct steam, except that hot ■water flows througli the 
pipea and radiators instead of steam. It is Largely used for tha 
warming of dwelling liouses to which it is especially adapted 



FiR. 0. 

owing to the ease with wliicli the temperature of tlie water can b? 

regulated. 

Where steam is used the radiators ai-e always at practically the 
same temperature, and regulation 
ninst be secured by shutting off , 
steam and turning it on at inter- 
vals depending on the outside 
temperature ; while with hot water, 
the I'adiators can be kept turned 
on all the time, and regulation 
seemed by jarying the tempera- 
ture of the water flowing through 
them. 

There are two distinct systemn 
of circulation employed ; one do- 
pending on the difference in tern- 
peiature of the water in the sup- 
ply and return pipes, called 
"gravity circulation;" and an- 
other where a pnmp is used to 
Fig- 11- foi-co the water through the mains, 

called "forced circulation." Tlie former is used for dwellings 

l,nd other buildings of ordinary size, and the latter for large 
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ItiiildiiigB, and especially where there are long horizontal runs of 
pit*. 

For gravity cireiilation some form o( sectional cast iron boiler . 
is commonly used although wrought iron tubular boilers may be 
employed if desired. In the case of forced circulation a heater 
designed to warm the water by means of live or exhaust steam is 
often used. A centrifugal or rotary pump of the type sliown iu 
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Fig. 12 is beat adapted to this puipose ; this pump may be driven 
by an electric motor, or a steam engine, as most convenient. Fig. 
13 shows the general form of a liot-water radiator, which is similar 
to those used for steam, except tlie sections are connected at the 
top as well as at the bottom ; this is shown by the cap over the 
opening at the top of the end section, which does not ap^jear on 
the steam radiator shown in Fig. 2. A system for hot^water 
heating cost^ more to install than one for steam as Che radiators 
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Iiave to be lai^r and the piping of larger size and more carefully 
(fraded. 

Indirect Hot Water. This is used under the same condi- 
tions as indirect steam, and the heaters used are similar to those 
already described. Special attention is given to the form of the 
sections in order that 
tliere may be an even 
disti-ibution of water 
through all parts of 
them. Figs. 14 and 
15 show typienl liot- 
w.iter radiators for in- 
direct work. As the 
stacks are placed in 
ttie basement of a 
building,. and only a 
short distance above 
the boiler, extra large 
pipes must be used to 
secure a proper cir- 
culation, for the 
"head" producing 
flow is small. The 
stack casings, cold and 
warm-air pipes and 
registers are the same 
^' ' as in steam heating. 

Exhaust Steam. Exhaust steam is used for liealing in con- 
nection with power plants, as in factories and shops or in office 
buildings which liave their own lighting plants. There are two 
methods of using exhaust steam for heating purposes. One is to 
carry a back pressure on the engines of from 5 to 10 pounds, 
depending on the lengtli and size of the pipe mains, and the other 
is to use some form of " vacuum eystem " which consists of a pump 
or ejector attached to the returns from the radiators ; this draws 
the steam through the radiators and tends to reduce the hack 
pressure on the engines rather than to increase it. 

Where tho first method ia used, and a back pressure carried. 
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either the boiler pressure or the cut-off of the engines must be 
increased to keep the "mean effective pressure" the same and not 
reduce the liprse-power delivered. In general it is more econom- 
ical to utilize the exhaust steam' 
for' heating. There are in- 
stances, however, where the re- 
lation between the quantities of 
steam required for heating and 
for power are such, especially 
if the engines are run condens- 
ing, that it is better to throw 
the exhaust away and heat with 
live steam. Where the vacuum 
metliod is used these difficulties 
are avoided, and for this reason 
it is coming into more common ^' 

use. If the condensation from the exhaust steam is returned to 
the boilers the oil must first be removed; this is usually accom- 
plished by passing the steam tlirough some form of grease ex- 
tractor as it leaves the engine. The water of condensation is 
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then passed through a separating tank before it is delivered to 
the return pumps. It is better to remove a portion of the oil 
before the steam enters the pipes and radiators, else a coating 
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will be formed on their inner surfaces which will reduce their 
heating efBcieiicy. 

Forced Blast. This method of beating, in different forms, 
is used for the warming of factories, schools, cburches, ttieatres, 
balls or any large building where good ventilation is desired. 
The air for t,varming is drawn or forced through a heater of special 
design, and dischaiged by a fan or blower into ducts which lead to 
registers placed in the rooms to be warmed. The heater is usually 
made up in sections so that steam may be admitted to or shut off 
from any section independently of the others, and the temper- 
ature of the air regulated in this manner. Sometimes a l)y-[>ass 
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damper is attaclied, bo tliat part of the air will pass through the 
heater and part around or over it ; in this way the proportions of 
cold and heated air may be so adjusted as to give the desired 
temperature to the air entering the rooms. These forms of regu- 
lation are common where a blower is used for warming a single 
room as in the ease of a church or ball ; but where seveitil rooms 
are warmed, as in a schoolhouse, it is customary to use the main 
or primary heater at the blower for warming the air to a given 
temperature, (somewhat below that which is actually required) 
and to supplement this by placing secondary coils or beaters at 
the bottoms of the flues leading to the different rooms. By 
means of this arrangement the temperature of each room can be 
regulated independently of the others. The so-called double 
duct system is sometimes emj)loyed. In this ease two ducta are 
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carried to each register, one supplying hot air and the other cold or 
tempered air, and a damper for mixing tliese in the right propor- 



tions is placed in tlie flue below the register. Fig. 16 showfl a 
commcn form of the heater used in connection with a fan ; this is ^n.' 
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cased in heavy sheet iron or brickwork, and is so connected with 

the fan tliat the air is drawn or forced through the spaces between 

the hot pipes and thus becomes heated. Fig. 17 represents the usual 

form of fan wheel used for heating and ventilating work; this is 

enclosed in a steel plate casing with inlet openings at the sides 

and a discliar^ outlet at the outer edge of the fan. A common 

arrangement of fan and beater is shown in Fig. 18. The. arrows 

indicate the cold air entering the heater and the discharge from 

the fiHi is through the circular opening at the top of the casing. 

This f;in is shown as being driven by a direct connected engine. 

Electric motors and steam 

engines are both used for this 

purpose and may be either 

belted or direct connected. 

Fig. 19 shows a fan and 

heater arranged fpr a double 

duct system. A portion of 

the air passes through the 

heater, the top of which can 

be seen where the casing ia 

broken away, the remainder 

of the air passes partly 

through, and partly over the 

heater, depending upon the 

position of the by-pass dam- 

*' ' per above. The temperature 

of the air in the upper duct is therefore less than that in tiie 

lower, and the two can be mixed at the registers as required. In 

'Fig. 20 is shown a type of fan called the " cone fan." This is 

usually placed in an opening in a brick wall and discharges air 

from its entire perimeter into a room called a "plenum" chamber, 

with which the various distributing ducts connect. 

Electricity. Unless electricity is produced at a very low 
cost, its use for heating residences or large buildings is not practi* 
cable. It has however quite a field of usefulness in the beating 
of small offices, bath rooms, cold comers of rooms, electric cars, 
etc., and is often used in rooms which cannot be reached by steam 
or warm-air pipes. 



HEATING AND VENTILATION. 17 

It has the special advant^e of being instantly available, an^ 
the amount of heat mBy be regulated at will. 

The heaters are perfectly clean, do not vitiate the sir and are 
portable. They are usually arranged in sections so that the 
amount of heat can be regulated as desired. They are made up 
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of resistance coils embedded in asbestos or some other form of 
non-conducting material. 

Figs. 21, 22 and 23 show different forms of electric radiators ; 
Fig. 22 is designed especially for car heating. 

PRINCIPLES OF VENTILATION. 

Closely connected with the subject of heating is the problem 
of maintaining air of a certain standard of purity in the various 
buildings occupied. 

The introduction of pure air can only be done properly in 
connection with some system of heating, and no system of beating 
is complete without a supply of pare air, depending in amount 
apon the kind of building and the purpose for which it is used. 

Composition of tbe Atmosphere. It has already been stated 
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elsewhere in tbb work that atmospheric air is not a simple 
substance but a mechanical mixture. Oxygen and nitrogen, 
the principal constituents, ai-e present in very nearly tlie pro- 
portion of one part of oxygen to four parts of nitrogen bj^ 
weight. Carbonic acid gas, the product of all combustion, exists 
in the proportion of 3 to 5 parts in 10,000 in the open country. 
Water in the form of va[)or, varies greatly with the temjierature, 
and the exposure of the air to open bodies of water. In addition 
to the above, tliere ar^e generally present, in variable but exceed- 
ingly small quantities, ammonia, aulpliuretted hydrogen, sidphuric, 
sulphurous, nitric and nitrous acids, floating organic and inorganic 
matter and local impurities. Air also contains ozone which is a 
peculiarly active form of oxygen, and lately new constituent gases 
have been found in small quantities. 



Fig. 19. 

Oxygen is one of the most important elements of the air, 
30 far as both heating and ventilation are concerned. It is the 
active element in tlie chemical process of combustion and also of 
a somewhat similar process which takes place iii the respiration 
of human beings. Taken into the lungs it acts upon the excess 
of carbon in the blood, and possibly upon other ingredients, form- 
ing chemical compounds which are thrown off in tlie act of respir- 
ation or breathing. 

Nitrogen. The principal bulk of the atmosphere is nitrogen, 
which exists uniformly diffused with oxygen and carbonic acid 
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gas. This element is practically inert in all processes of combus- 
tion or respiration. It is not affected in composition, either by 
passing through a furnace during combustion or througli the lungs 
in the process of respiration. Ita action is to render the oxygen 
less active and to absorb some part of the heat produced hy the 
process of oxidation. 



Fig. 20. 

Carbonic Add Gas is of itself only a neutral constituent of 
the atmosphere, like nitrogen, and conti-aiy to the general im- 
pression its pi-esence in moderately large quantities (if uncombined 
with other substances) is neither disagreeable noi' es|)ecially harm- 
ful. Its presence in tlie air, however, provided for respiration, 
decreases the readiness with which the carbon of the blood uMtes 
with the oxygen of the air, and tlierefore, when present in siiiRcient 
quantity may cause indirectly, not oidv serious, but fatal results. 
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The real harm of a vitiated atmosphere ia caused by its other 
constituent gases and by tlie minute organiHms which are thrown off 
in the process of respiration. It isknown, however, that these 
other impurities exist in fixed proportion to the amount of carbonic 
acid present in an atmosphere vitiated by respiration. Tlierefore, 
as tlie relative proportion of carbonic acid may be easily deter- 
mined by experiment, the fixing of a standard limit' of the amount 
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in which it may be allowed, also limits the amounts of other 
.impurities which are found in combination with it. 

When carbonic acid is present in excess of 10 parta in 10,000 




parts of air, a feeling of weariness and stufiiness, generally acoom* 
panied by a lieadadie, will be experienced; while with even 8 
parts in 10,000 parts a room would be considered close. For 
general considerations of ventilation the limit sliould be placed at 
6 to 7 parts in 10,000 thus allowing an increase of 2 to 3 parts 
over that present in outdoor air which may be considered to 
contain four parts in 10,000 under ordinary conditions. 

Analysis of Air. The amount of carbonic acid present in 
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the air may be readily determined, with aufficieiit iicciiracy for 
practical purpoaea, in the following manner : 

Six clean, dry and tightly coi'ked bottles, containing resiiec- 
tively 100, 200, 250, 300, 350 and 400 cubic centimeters, a glass 
tube containing exactly 15 cubic centimeters to a, given mark, and 
a bottle of perfectly clear, fresh lime-water make up the apparatus 
required. The bottles should be filled with the air to be exam- 
ined by means of a hand-ball syringe. Add to llie smallest bottle 
15 cubic centimeters of the lime-water, put in tlie cork and ahiike 
well. If the lime-water has a milky apjwaratice tlie amount of 
carbonic aeid will be at lesst 16 parts in 10,000. If tlie contents 
of the bottle remains clear, treat the 
bottle of 200 cubic centimetei'S in 
the same manner; a milky appear- 
ance or turbidity in this would indi- 
cate 12 parts in 10,000. In a similar 
manner, turbidity in the 250 cubic 
centimeter bottle indicates 10 parts 
in 10,000 ; in the 300, 8 parts ; in 
the 350, 7 parts and in tlie 400, ^'8- ^■ 

less than 6 parta. The ability to conduct more aecui'ate analyses 
can only be attained by special study and a knowledge of chem- 
ical properties and methods of investigation. 

Air Required for Ventilation. The amount of air required 
to maintain the stmd ird of purity can be very easily determined 
provided we know tlie amount of carbonic acid given off in the 
process of respiration. It l>a.s been found by experiment that the 
average production of carbonic acid by an adult at rest is about 
.6 cubic feet per hour. If we assume the proportion of tliis gas 
as 4 parts in 10,000 in the external air, and are to allow 6 parts 
in 10,000 in an occupied room, the gain will be 2 parts in 1 0,000, 
or in other words there will be Tif,^5^=: .00(12 cubic feet of cai^ 
bonic acid mixed with each cubic foot of fresh air entering the 
room. 

Therefore, if one person gives off .6 cubic feet of carbonic 
acid per hour it will require .6 -^ .0002 ^ 3000 cubic feet of air 
per person to keep the air in the room at the standard of purity 
assumed, that is, 6 parta of carbonic acid in 10,000 of air. 
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The following table has been computed in this manner and 
shows the amount of air which must be introduced for each person 
in order to maintain various standards of purity : 





TABLE I. 


■ 


STANDARD PABTS OF 
CARBONK! ACID IN 


CUBIC FEET OP AIR REQUIRED PER PERSON. 


10,000 OP AIB IN 
BOOM. 


PER HINDTE. 


PER HOUR. 


5 


133 


8,000 


6 


67 


4,000 


• 7 


44 


2,667 


8 


33 


2,000 


9 


27 


1,600 


10 


■ -22 


1,333 


11 


.19 


1,151 


12 


17 


1,000 



While this table chives tlie theoretical quantities of air 
required for different standards of purity, and may be used as a 
guide, it will be better in actual practice to use quantities wliich 
experience has shown to give good results in different types of 
buildings. Authorities differ somewhat in their recommendations 
on this point and the present tendency is toward an increase of 
air. 

The following tiible represents good modem practice and may 
be used with satisfactory results : • 

TABLE II. 



AIR SUPPLY PEft OCCUPANT FOR 

Hospitals 

High Schools 

Grammar Schools 

Theatres and Assembly Halls 

Churches 



CUBIC FEET 
PER MINUTE. 



60 to 80 

50 

40 

25 

20 



CUBIC FEET 
PER HOUR. 



3,000 to 4,800 

3,00) 

2,400 

1,500 

1,200 



Force for Moving Air. Air is moved for ventilating pur- 
poses in two ways; first, by expansion due to heating j and second 
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by mechanical means. The effect of heat On the air is to increase 
ita Tohinie and therefore lessen its density or weight, so that it 
tends to rise and is replaced by the colder air below. The avail- 
able force for moving air obtained in this way is very small and is 
quite likely to be overcome by wind or external causes. It will be 
found in gpne-^l that the heat used for pi-oducing velocity in this 
manner, when transformed into work in the steam engine, is 
greatly in excess of that required to produce the same effect by 
the use of a fan. Ventilation by mechanical means is performed 
either by pressure or suction. The former is used for delivering 
fiesh air into a building and the 
latter for removing the foul air 
from it. By. both processes the 
air is moved without change in 
temperature, and tlie foi-ce for 
moving must bo sufficient to 
overcome the effects of wind 
or changes in outside tempera- 
ture. Some^orm of fan is used 
for this purpose. 

Measurements of Velocity. ^g- 24. 

The velocity of air in venti- 
lating ducts and flues ia measured directly by an instrument called 
an anemometer. A common form of this instrument is shown ia 
Fig. 24. It consists of a senes of flat vanes attached to an axis, 
and a series of dials. The revolution of the axis causes motion 
of the hands in proportion to the velocity of the air, and the 
rcjiult can !« read directly from the dials for any given period. 

AIR DISTRIBUTION. 

The location of the air inlet to a room depends upon the size 
of the room and the purpose for which it is used. In the case of 
living rooms in dwelling houses, the registers ar^ placed either in 
the floor or in the wall near tlie floor; this brings tlie warm air in 
at the coldest part of the room and gives an opportunity for warm- 
ing or drying the feet if desired. In the case of scnool rooms 
where large volumes of warm air at moderate temperatures are 
required, it is best to discharge it through openings in the wall at 



24 



HEATING AND VENTILATION. 



a height of 7 or 8 feet from the floor ; this gives a more even dis- 
tribution as the wanner air tends to rise and hence spreads uni- 
formly under the ceiling ; it then gradually displaces other air and 
the room becomes filled with pure air without sensible currents or 
drafts. The cooler air sinks to the bottom of the room and can 
be taken off through ventilating registers placed near the floor. 
The relative positions of the inlet and outlet are often governed 
to some extent by the building construction, but if possible they 
should both be located in the same side of the room. Figs. 25, 
20 and 27 show common arrangements. 










MMM^M^MM 



ocrrs/o£ wall 
Fig. 26. • 



OUTSiD£ ViALL 

Wig. 26. 



OUTSIDE yu^UL 
Pig. 27. 



The vent outlet should always if possible be placed in an 
inside wall else it will become chilled and the air-flow through it 
will become sluggish. In theatres or halls which are closely 
packed, the air should enter at, or near, the floor in finely-divided 
streams, and the discharge ventilation should be through openings 
in the ceiling. The reason for this is the large amount of animal 
heat given off from tlie bodies of the audience, which causes the 
air to become still further heated after entering the room, and the 
tendency is to rise continuously from floor to ceiling thus carrying 
away all impurities from respiration as fast as they are given off. 

The matter of air velocities, size of flues, etc., will be taken 
up under the head of design. 

HEAT LOSS FROM BUILDINGS. 

A British Thermal Unit, or B. T. U., has been defined as the 
amount of heat required to raise the temperature of one pound of 
water one degree F. This measure of heat enters into many of 
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the calculations involved in the solving of problems in heating 
and ventilation, and one should familiarize himself with the exact 
meaning of the term. 

Causes of Heat Loss. Tlie heat loss from a building is due 
to the following causes; fir9t^ mdiation and conduction of heat 
through walls and windows ; second, leakage of warm air around 
doora and windows and through the walls themselves ; and thirds 
heat required to warm the air for ventiWlion. 

Loss Through Walls and Windows. The loss of heat 
through the walls of a building depends upon the material used, 
the thickness, the number of layers and the difference between 
the inside and outside temperatures. The exact amount of heat 
lost in this way is very difficult to determine theoretically, hence 
we depend principally on the results of experiments.. 

Loss by Air Leakas^e. The leakage of air from a room varies 
from one to two or more changes of the entire contents per hour, 
depending upon the construction, opening of doora, etc. It is 
common practice to allow for one change per hour in well-con- 
structed buildings where two walls of the room have an outside 
exposure. As the amount of leakage depends upon the extent of 
exposed wall and window surface it seems best to allow for this 
loss by increasing that due to conduction and radiation. The 
following table gives the heat losses through different thickness of 
walls, doors, windows, etc., in B. T. U., per square foot of 
surface per hour for varying differences in inside and outside 
temperatures. 

Authorities differ considerably in the factors given for heat 
losses, and thei*e are various methods for computing the same. 
The following figures and methods have been used extensively in 
actual practice and have been found to give good results when 
used with judgment. 
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TABLE III. 




Difference between inside axkl outside temperatures. 


M&terial. 






10«> 20° 


13 


40*^ 
18 


50° 
22 


60° 70°. 


80° 
36 


'90° 
40 


100° 


8' Brick Wall 


5 





27 


31 


45 


12' Brick Wall 


4 


7 


10 


13 


16 


20 


23 


26 


30 


3i 


IG*' Brick Wall 


3 


5 8 


10 


13 


.16 


19 


22 


24 


27 


20' Brick Wall 


2.8 


4.5 7 


9 


11 


14 


16 


18. 


20 


23 


24' Brick Wall 


2.5 


4 


6 


8 


10 


12 


14 


16 


18 


20 


28' Brick Wall 


2 


3.5 


4.5 


7 


9 


11 


13 


14 


16 


18 


32' Brick Wall 


1.5 


3 


5 


6 


8 


10 


11 


13 


15 


16 


Single Window 


12 


24 


36 


49 


60 


73 


85 


93 


105 




Double Window 


8 


16 


24 


32 


40 


48 


60 


62 


70 


- 


Single Skylight 


11 


21 


31 


42 


52 


63 


73 


84 


94 




Double Skylight 


7 


14 


20 


28 


35 


42 


48 


56 


62 




1' Wooden Door 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


2' Wooden Door 


3 


5 


8 


11 


14 


17 


20, 23 


25 


28 


Concrete Floor on Brick Arch 


2 


4 


6.5 


9 11 


13 


15 


18 


20 


22 


Wood Floor on Brick Arch 


1.5 


3 


4.5 


6 


7 


9 


10 


12 


n 


15 


Double Wood Floor 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Walls of Ordinary 






















Wooden Dwellings 


3 


5 


8 


10 J 13 


16 


19 


22 


24 


27 



For solid stone walls multiply the figures for brick of the same 
thickness by 1.7. Where rooms have a cold attic above or cellar 
beneath, multiply the heat loss through walls and windows by 1.1. 
The figures given in table III. are for a southern exposure ; for 
other exposures multiply the heat loss given in table III. by the 
factors given in table IV. 

TABLE IV. 



Exposure. 



Factor. 



N. 


1.32 


E. 


1.12 


S. 


1.0 


W. 


1.20 


N. E. 


1.22 


N.W. 


1.26 


S. E. 


1.06 


S. W. 


1.10 


!^. E. S. W. or total exposure. 


1.16 



In order to make the use of the table clear we will give a 
number of examples illustrating its use. 

Assuming an inside temperature of 70% what will be the 
heat loss from a room having an exposed wall surface of 200 square 
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feet and a glass surface of 50 square feet, when the outside tem- 
perature is zero. " The wall is of brick, 16 inches in thickness and 
has a southern exposure; the windows are single. 

We find from table III. that the factor for a 16" brick wall 
with a difference in temperature of 70° is 19, and that for glass 
^single window) under the same condition is 85 ; therefore 
Loss through wails = 200 X 19 = 3800 
Loss throuorh windows = 50 X 85 = 4250 



Total loss pei* hour = 8050 B. T. U. 

In computing the heat loss through walls, only those exposed 
to the outside air are considered. 

A room 15 ft. square and 10 ft. high has two exposed walls; 
one toward the north and the other toward the east. There are 
4 windows, each 3' X 6' in size The two in the noi-th wall are 
double while the other two are single. The walls are of brick, 20 
inches in thickness; with an inside temperature of 70® what will 
be the heat loss per hour when it is 10° below zero. 

Total surface = 15 X 10 X 2 = 300 
.G-lass surface = 3X- 6x4= 72 

t 

Net wall surface := 228 

Difference between inside and outside temperature 80**. 

Factor for 20^ brick wall is 18. 

Factor for single window is 93. 

Factor for double window is 62. 

The heat losses are as follows ; 

Wall, 228X18 = 4104 

Single windows, 36 X 93 = 3348 
Double wrindows, 86 X 62 = 2232 



9684 B.T. U. 
As one side is toward the north and the other toward the wes$ 
the actual exposure is N. W. Looking in table IV. we find the 
correction factor for this exposure to be 1.26 ; therefore the total 
heat loss is 

9684 X 1.26 = 12,201.84 B. T. U. 

A dwelling house of wooden construction measures 160 ft. 
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around the outside ; it has 2 stories, each 8 ft in height ; the 

windows are single and the glass surface amounts to - the 

5 

total exposure ; tlie attic and cellar are unwarmed. If 8000 
B. T. U. are utilized from each pound of coal burned in the fur- 
nace, how many pounds will be required per hour to maintain a 
temperature of 70"^ when it is 20° above zero outside. 

Total exposure = 160 X 16 = 2560 
Glass surface = 2560 -r- 5 = 512 



Net wall = 2048 

Temperature difference =70 — 20 = 50*^ 
Wall 2048 X 13 = 26624 
Glass • 512 X 60 = 30720 



57344 B. T. U. 

As the building is exposed on all sides the factor for exposure 
will be the average, of those for N. E. S. and W. or 
(1.32 + 1.12 + 1.0 + 1.20)^ 4 = 1.16 

The house has a cold celhir and attic so we must increase the 
heat loss 10% for each or 20% for both. Making these correc- 
tions we shall have 

57344 X 1.16 X 1.20 = 79822 B. T. U. 

One pound of coal furnishes 8000 B. T. U. then 79822 ^^ 
8000 1= 9.97 ; or about 10 pounds of coal per hour will be required 
to warm the building to 70° under the conditions stated- 

Approximate Method. For dwelling bouses of usual con- 
struction t!ie following simple method may be used. Multiply 
the total exposed surface by 38, which will give the heat loss in 
B. T. U. per hour for an inside temperature of 70° in zero weather. 

This factor is obtained in the following manner. Assume 

1 * 

the glass surface to be - the total exposure, which is an average 

6 
proportion. 

Then each square foot of exposed surface consists of - glass 

6 

5 
and 1 wall and the heat loss for 70° difference in temperaturQ 
b ^ 

would be as follows : 
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Wall I X 19 = 15.8 

Glass Ix 85 = — 
6 29.9 

Increasing this by 16% for total exposure and 10% for loss 
through ceilings we have 29.9 X 1.16 X 1.10 = 38.1. The loss 
through floors is considered as being offset by including the 
kitchen walls of a dwelling house, which are warmed by the 
range and would not otherwise be included if computing the size 
.of a furnace. or boiler for heating. 

If the heat loss is required for outside temperatures other 
than zero, corrections must be made as follows : Multiply by 50 
for 20° below zero, by 44 for 10° below, by 33 for 10° above. 

This method is convenient for approximations in the case of 
dwelling houses but the more exact method should be used for 
other types of buildings, and in all cases for computing the heat- 
ing surface for separate rooms. When calculating, the heat loss 
from isolated rooms, the cold inside walls as well as the outside 
must be considered. 

The loss through a wall next to a cold attic or other- un- 
warmed space may in general be taken as about two-thirds that of 
an outside wall. 

Heat Loss by Ventilation. One B. T. U. will raise the 
temperature of 1 cubic foot of air 55 degrees at average temper- 
atures and pressures or will raise 55 cubic feet 1 degree, .'^o that 
the heat required for the ventilation of any room may be found 
by the following formula: 

cu. ft. of air per hour X number of degrees ris e ^ „ rp ^ re luired 

55 =• . . . q . 

To. compute the heat loss for any given loom which is to be 
ventilated, first find the loss through walls and windows, and 
correct for exposure, then compute the amount required for 
ventilation as above and take the sum of the two. An inside 
temperature of 70° is always assumed unless otherwise stated. 

Example — What quantity of heat will be required to warm 
100,000 cubic feeL of air to 70° for ventilating purposes when the 
outside temperature is 10 below zero? 

100,000 X 80 ^ 55 = 145,454 B. T. U. Ans. 
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How many B. T. U. will be required per hour for the venti- 
lation of a church seating 600 people, in zero weather? 

Referring to table II. we find that the total air required per 
hour is 1200 X 500 = 600,000 cu. ft. ; therefore 600,000 X TO.-r- 
55 = 768,636 B. T. U. 

Example. — A corner room in a grammar school 28' X 32' 
and 12' high is to accommodate 50 pupils. The walls are of brick 
16" in thickness and there are 6 single windows in the room, each 
3' X 6' ; there are warm rooms above and below ; the exposure is 
S. E. How many B. T. U. will be required per hour for warm- 
ing the room and how many for ventilation, in zero weather? 
The total window surface is 

6x3x6 = 1 08 square feet. 
The exposed surface of the room is 

32 X 12 + 28 X 12 = 720 square feet. 
The exposed wall surface is 

720 _ 108 = 612 square feet 
Heat loss through windows = 108 X 85 = 9180 
Heat loss through walls = 612 X 19 = 11628 



Total heat loss ' = 20808 

Total corrected for S. E. exposure 

= 20808 X 1.06 =: 22,056. Ans. 
Air supply required per hour 

= 2400 X 50 = 120,000 cubic feet. 
B. T. U. required for ventilation 

^120,000X70^,,,,,,^ Ana. 
55 

FURNACE HEATING. 

• 

Types of Furnaces. . Furnaces may be divided into two 
general types known as direct and indirect draft. Fig. 28 shows 
a common form of direct draft furnace with a brick setting ; the 
better class have a radiator, generally placed at the top, through 
which the gases pass before reaching the smoke pipe. They have 
but one damper usually combined with a cold-air check. Many 
of the cheaper direct draft furnaces have no radiator at all ; the 
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gades passing directly into the smoke pipe anil carrying away much 
beat that should be utilized. 

The furnace shown in Fig. 28 is made of cast iron and has 
a large radiator at tiie top ; the smoke comiectioo is shown at t,he 
rear. 

Fig. 29 pepresent& another form of direct draft furnace. In 
this case the radiator is made of sheet steel plates riveted together. 



Fig. 23. 

and the outer casing is of heavy galvanized iron instead of brick. 
In the ordinary Indirect draft type of furnace (sue Fig. 30) 
the gases pass downward through flues to a radiator located near 
the base, thence upward, through another flue to tlie smoke pipe. 
In addition to the damper in the smoke pipe, a direct draft damper 
is required to give direct connection with the funnel when coal is 
Jirst put on, to fuiiiitate the escape of ^ts to the chininny. Wlien 
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the chimney ili-aft is weak, tiouble from gas is more likely to be 
experienced with furnaces of this type thail wilh those having a 
dirert diiift. 

Orates. Xo part of a furnace is of more importance than tlie 
grates. The plain finite rotating about a center pin was for a long 
time the one most commonly used. These grates were usually 



Fig. 2». 

provided with a clinker door for removing any refuse too large to 
pass between the grate bara. The action of such grates tends to 
leave a cone of aaliea in the center of the fire causing it to burn 
more freely around tiie edges. A better form of grate ia the 
re /oiving triangular patter. i wliich is now used in many of the lead- 
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ing furnaces. It consists of a series of triangular bara huving 
teetlt. The bars are coiDiected by geara iiucl are turned by means 
of a detachable lever. If properly used this grate will cut a slice 
of ashes and clinkers from under tlie entire fire with little, if any 
lose of unconsuraed coal. 

The Fire Pot. Fire pota are generally made of cast iron or 
of steel plate lined with firebrick. The -depth ranges from about 



FiE. 30. 

12 to 18 inchea. In cast iron furnaces o£ the better class the fire 
pot is made very heavy to insure durability and to render it less 
likely to become red hot The fire pot is sometimes mado in two 
pieces to reduce the liability of cracking. The heating surface 
is sometimes increased by corrugations, pins or riijs. 

A fire brick lining is necessary in a wiought iron or steel 
furnace to protect the thia shell from the intense heat of the fire. 



34 HEATING AND VENTILATION. 

Since brick lined fire pots are much less effective than cast iron 
in transmitting heat, such furnaces depend to a great extent for 
their efficiency on the heating surface in the dome and mdiator, 
and this as a rule is much greater than in those of cast iron. 

Cast iron furnaces have the advantage when coal is first put 
on, (and tlie drop flues and radiator are cut out by the direct 
damper) of still giving off heat from the fire pot, while in the case 
of brick linings very little heat is given off in this way and the 
rooms are likely to become somewhat cooled before the fresh coal 
becomes thoroughly ignited. 

Combustion Chamber. The body of the funiace above the 
fire pot, commonly called the dome or feed section, provides 
a combustion chamber. This chamber should bo of sufficient 
size to permit the gases to become thoroughly mixed with the air 
passing up through the fire or entering through op(3ning9 provided 
for the purpose in the feed dooi*. In a well-designed furnace this 
space should be somewhat larger tlian the fire pot. 

Radiator. The radiator, so called, with which all furnaces 
of the better class are provided, acts as a sort of reservoir in 
which the gases are kept in contact with the air passing over the 
furnace until they have parted with a considerable portion of 
their heat. Radiators are built of cast iron, of steel plate or of 
a combination of the two. The former is more durable and can 
be made with fewer jouits, but owing to the difficulty of casting 
radiatoi-s of large size, steel plate is commonly used for the sides. 

The effectiveness of a radiator depends on its form, its heat- 
ing surface and the difference between the temperature of the 
gases and the surrounding air. Owing to the accumulation of 
Boot, the bottom surface becomes practically worthless after the 
furnace has been in use a short time ; surfaces to be effective 
must therefore be self-cleaning. 

If the radiator is placed near the bottom of the furnace the 
gases are surrounded by air at the lowest temperature, which 
rendei's the radiator more effective for a given size than if placed 
near the top and surrounded by warm air. On the other hand, ^ 
the cold air has a tendency to condense the gases, and the acids 
thus formed are likely to corrode the iron. 

Heatinfif Surface. The different heating surfaces may be 
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described as follows : Fire pot surface ; surfaces acted upon by 
direct rays of heat from the fire, such as the dome or combustion 
chamber; gas or smoke heated surfaces, such as flues or radiators 
and extended surfaces, such as pins or ribs. Surfaces unlike in 
character and location, vary greatly in heating power, so that in 
making comparisons of different furnaces we must know the kind, 
form and location of the heating surfaces as well as the area. 

In some furnaces having an unusually large amount of -sur- 
face, it will be found on inspection that a large part would soon 
become practically useless from the accumulation of soot. In 
others a large portion of the surface is lined with fire brick, or is 
80 situated that the air currents are not likely to strike it. 

The ratio of grate to heating surface varies somewhat accord- 
ing to the size of furnace. It may be taken as varying from 1 to 
25 in the smaller sizes and 1 to 15 in the larger. 

Efficiency. One of the first items to be determined in esti- 
mating the heating capacity of a furnace is its efficiency, that is, the 
proportion of the heat in the coal that may be utilized for warming. 
The efficiency depends chiefly on the area of the heating surface 
ss compared with the grate, on its character and arrangement, and 
on the rate of combustion. The usual proportions between grate 
and heating surface have been stated. The rate of combustion 
required to maintain a temperature of 70° in the house depends 
of course on the outside temperature. In very cold weather a 
rate of 4 to 5 pounds of coal per square foot of grate per hour 
must be maintained. 

One pound of good anthracite coal will give off about 18000 
B. T. U. and a good furnace should utilize 70 per cent, of this heat. 
The efficiency of an ordinary furnace is often much less, some- 
times as low as 50 per cent. 

In estimating the required size of a first-class furnace with 
good chimney draft we may safely count upon a maximum com- 
bustion of 5 pounds of coal per square foot of grate per hour, and 
may assume that 8000 B. T. U. will be utilized for warming pur- 
poses from each pound burned. This quantity corresponds to an 
efficiency of 60 per cent. 

Heating Capacity. Having determined the heat loss from a 
building by the method* given, it is a simple matter to compute 
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the size of grate necessary to burn a sufBcient quaintity of coal 
to furnish the amount of heat required for warming. 

As a matter of illustration we may consider the heat delivered 
to the rooms as made up of two parts ; first, that required to warm 
the outside air up to 70® (the temperature of the rooms) and 
second, the quantity which must be added to this to offset the loss 
through walls and windows. Air is usually delivered at the 
registers at about 140 degrees under zero conditions outside ; this 
air leaves the rooms by leakage at a temperature of 70 degrees, (the 
normal inside temperature) having lost one-half its heat by con- 
duction, radiation, etc., so that the heat given to the entering air 
must be twice that which we have computed for loss through 
walls, etc. 

Example. — The loss through the walls and windows of a 
building is found to be 80000 B. T. U. per hour in zero weather, 
what will be the size of furnace required to maintain an inside 
temperature of 70 degrees ? 

From the above we bav3 the total heat required, equal to 
80000 X 2 = 160000 B. T. U. per hour. If we assume that 8000 
B. T. U. are utilized per pound of coal, then 160000 ~ 8000 = 20 
pounds of coal required per hour, and if 5 pounds can be burned 
on each square foot of grate per hour, then y^ =z 4 square feet 
required. A fire pot 28 inches in diameter has an area of 4.27 
square feet and is the size we should use. 

The following table will be found useful in determining the 
diameter of fire pot required : 

TABLE V. 







• 


ATBBAQB DIAMETEB OF FIRE POT 
IN INCHES. 


ABBA IN SQDARB FEET. 




18 


1.77 




20 


2.18 




22 


2.64 




24 


3.14 




26 


3.69 




28 


4.27 




80 


4.91 


• 


32 


5.68 





44 



HEATING AND VENTILATION. 37 

^ ■ ■ ■ 

If the outside temperature is below zero the method of com- 
putation becomes slightly diflferent. We have seen that iu zero 
weather a certain quantity of heat is required to raise the temper- 
atui-e of the entering air from zero to 70**, the temperature of the 
room, and that a second quantity must then be added to raise the 
temperature of the air to 140 °, which is the usual temperature 
of delivery at the registers. This last quantity is to offset that 
lost by radiation and conduction, and must equal the heat loss 
from tlie building as computed by the factors given in tables III. 
and IV. The air has been raised through 140 degrees and ^^^^ 
of the heat supplied has been used to raise it to the temperature 
of the room and has been lost by leakage.; while the remaining 
'^IJS'* ^" equal amount, has been given up by radiation and con- 
duction. In this case we have only to compute the heat loss for 
radiation and conduction by the rules given and multiply this 
result by 2 to obtain the total amount of heat to be supplied by 
the furnace. 

Now take a case where it is 10 degrees below zero. If the air 
is delivei'ed to the rooms at 140 degrees as before, it must be 
warmed through 150 degrees. Of the heat supplied ^^g^^^ has been 
used to raise the temperature of the outside air to that of the 
room, and only y^^^ for loss by radiation and conduction. As in 
the preceding example, this latter quantity must equal the com- 
puted heat loss through walls and windows ; and as it is only 
iW ^^ "^^^ ^^ ^^® total amount of heat required we must mul- 
tiply it by 1 -f- .466 = 2.14 instead of by 2 as in the first case 
Inhere the outside temperature is zero. 

* In the same manner multiply by 2.28 for 20 degrees below 
zero and by 2.42 for 30 degrees. 



Example. — A brick house is 20 feet wide, and has 4 
stories, each being 10 feet in height. The house is one of a block 
and is exposed only at the front and rear. The walls are 16 
inches thick and the block is so sheltered that no correction need 
be made for exposure. Single windows make up ^ the total 
exposed surface. Figure for cold attic but warm basement. 
What area of grate surface will be required for a furnace to keep 
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the house at 70° when it is 10^ below zero outside ? 
Exposed surface = 2 X 20 X 40 = 1600 sq. ft. 
Loss througli windows = 200 X 93 = 18,600 B. T. U 
Loss through walls = 1400 X 22 = 30,800 
Loss through walls and windows = 49,400 
Entire heat loss, allowing for attic 

= 49,400 X 1.1 = 54,340 B. T. U. 
B. T. U. required = 54,340 X 2.14 = 116,288 

^.^^= 2.90 sq. ft. of erate. Ans. 

5 X 8000 ^ ^ 

Location of Furnace. A furnace should be so placed that 
the warm-air pipes will be of nearly the same length. The air 
travels most readily through pipes leading toward the sheltered 
side of the house and to the upper rooms. Therefore pipes 
leading toward the north or west or to rooms on the first floor 
should be favored in regard to length and size. The furnace 
should be placed somewhat to the north or west of the center of 
the house or toward the points of compass from which the pre- 
vailing winds blow. 

Smoke Pipes. Furnace smoke pipes range in size from 
about 6 inches in the smaller sizes to 8 or 9 inches in the larger 
ones. They are generally made of galvanized iron of No. 24 
gauge or heavier. The pipe should be carried to the chimney as 
directly as possible, avoiding bends which increiise the resisbmce 
and diminish the draft. Where a smoke pipe passes through a 
partition it should be protected by a soapstone or double perfor- 
ated metal collar having a diameter at least 8 inches greater than 
that of the pipe. The top of the smoke pipe should not be placed 
within 8 inches of unprotected beams nor less than 6 inches under 
beams protected by asbestos or plaster with a metal shield beneath. 
A collar to make tight connection with the chimney should be 
riveted to the pipe about 5 inches from the end to prevent its 
being pushed too far into the flue. Where the pipe is of unusual 
length it is well to cover it to prevent loss of heat and the con- 
densation of smoke. 

Cfiimney Flues. Chimney flues if built of brick should have 
walls 8 inches in thickness, unless terra cotta linings are used, 
when only 4 inches of brick work is required. Except in small 
houses where an 8 X 8 flue may be used, the nominal size of the 
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smoke flue should be at least 8 X 12 to allow for contractions or 
offsets. A clean-out door should be placed at the bottom of the 
flue for removing ashes and soot. A square flue cannot be 
reckoned at its full area as the corners are of little value. To 
avoid down drafts the top of the chimney must be carried above 
the highest point of the roof unless pi-ovided with a suitable hood 
or top. 

Cold-Air Box. The cold-air box should be large enough to 
supply a volume of air sufficient to fill all the hot-air pipes at the 
same time. If the supply is too small, the distribution is sure to 
be unequal and the cellar will become overheated from lack of air 
to carry away the heat generated. 

If a box is made too small or is throttled down so that the 
volume of air entering the furnace is not large enough to fill all 
the pipes it will be found that those leading to the less exposed 
side of the house or to the upper rooms will take the entire supply, 
and that additional air to supply the deficiency will be drawn 
down through registers in rooms less favorably situated. It is 
common practice to make the area of the cold-air box three-fourths 
the combined area of the hot-air pipes. The inlet should be 
placed where the prevailing cold winds will blow into it ; this is 
commonly on the north or west side of the house. If it is placed 
on the side away from the wind, warm air from the furnace is 
likely to be drawn out through the cold-air bor. 

Whatever may be the location of the entrance to the cold-air 
box, ch.inges in the direction of the wind may take place which 
will bring the inlet on the wrong side of the house. To prevent 
the possibility of such changes affecting the action of the furnace 
the cold-air box is sometimes extended through the house and left 
open at both ends, with check-dampers arranged to prevent back 
drafts. These checks should be placed some distance from the 
entrance to prevent their becoming clogged with show or sleet. 
The cold-air box is generally made of matched boards, but gal- 
vanized iron is much better ; it costs more than wood but is well 
worth the extra expense on account of tightness which keeps the 
dust and ashes from being drawn into the furnace casing to be 
discharged through the regi.sters into the rooms above. 

The cold-air inlet should be covered with galvanized wire 
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netting with a mesh of at least three-eighths of an inch. The 
frame to which it is attached should not be (imaUer than the inside 
dimensions of the cold-air box. A door to admit air from the 
cellar to tlie cold-air box is generally provided. As a rule air 
should be taken from this source only when the house is tem- 
porarily unoccupied or during high winds. 

Return Duct. In some cases it is desirable to return air to 
the furnace frorn the rooms above, to be reheated. Ducts for this 
purpose are commoa in places where the winter temperature is 
frequently below zero. 
Return ducts when used, 
should be in adilition to 
CO the regular cold-air box. 

' Fig. 31 shows a com- 

mon method of making 
the connection between 
tlie two. By proper 
adjustment of the swing- 
ing damper the air can 
be taken either from out 
of doors or through the 
register from the room 
above. The return 
^' ' register is often placed 

in the hallway of a house so that it will take the cold air which 
rushes in when the door is opened and also that which may leak 
in around it while closed. Check valves or fliips of light gossa- 
mer or woolen clotli should be placed between the cold-air box 
and the regiatei-s to prevent back drafts during winds. 

The return. duct should not be used too freely at the expense 
of outdoor air, and its use is not recommended except during tht 
night when air is admitted to the sleeping rooms through open 
windows. 

Warm-Atr Pipes. The required size of the warm-air pipe to 
<»ny given room depends upon the heat loss from the room and the 
volume of warm air required to offset this loss. Each cubic foot 
of air warmed frani ^ero to 140 degrees brings into a room 2.2 
B. T. U. We have already seen tliat in zero weather with the air 
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entering the registers at 140 degrees, only one-half of the heat 
contained in the air is available for offsetting the losses by radia- 
tion and conduction, so that only 1.1 B. T. U. in each cubic foot 
of entering air, can be utilized for warming purposes. Therefore 
if we divide the computed heat loss in B. T. U. from a room, by 
1.1 it will give the number of cubic feet of air at 140 degrees 
necessary to warm the room in zero weather. 

As the outside temperature becomes colder the quantity of 
heat brought in per cubic foot of air increases, but the proportion 
available for warming purposes becomes less at nearly the same 
rate, so that for all practical purposes we may use the figure 1.1 
for all usual conditions. In calculating the size of pipe required, 
we may assume maximum velocities of 280 and 400 feet per 
minute for rooms on the first and second floors respectively. 
Knowing the number of cubic feet of air per minute to be delivered, 
we can divide it by the velocity, which will give us the requii-ed 
area of the pipe in square feet. 

Round pipes of tin or galvanized iron are used for this pur- 
pose. The following table will l>e found useful in determining 
the required diameters of pipe in inches. 

TABLE VI, 



DIA. OF PIPE IN INCHES. 


ABEA IN SQ. INCHES. 


ABBA IN BQCA&B FEET. 


6 


28 


.196 


7 


88 


.267 


8 


50 


.349 


9 


64 


.442 


10 


79 


.545 


11 


95 


.660 


12 


113 


.785 


18 


138 


.922 


14 


154 


1.07 


15 


177 


1.28 


16 


201 


1.40 



Example. — The heat loss from a room on the second floor is 
22,000 B. T. U., per hour. What diameter of warm air pipe will 
be required? 
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22,000 -f- 1.1 — 20,000 = cubic feet of air required per hour. 
20,000 -^ 60 = 383 per minute. Assuming a velocity of 400 feet 
per minute we have 338 -r- 400 = .832 square feet, which is the 
area of pipe required. Referring to table VI. we find this comes 
between a 12 and 13-inch pipe and the larger size would probably 
be chosen. 

Example. — A firet floor room has a computed loss of 33,000 
B. T. U. per hour when it is 10° below zero. The air for warming 
is to enter through two pipes of equal size, and at a temperature 
of 140 degrees. What will be the reciuired diameter of the pipes ? 

There will be needed 33,000 -f- 1.1 = 30,000 cubic feet of 
air per hour, or 600 cubic feet per minute. At a velocity of 280 
feet per minute, the pipe area must be 500 -f- 280 = 1.786. 
This is conveniently obtained by two 13-incIi pipes. 





* » 



Fig, 82 



•V 
Fig. 38. 



Since long horizontal runs of pipe increase the resistance and 
loss of heat, they should not in general be over 15 feet in length. 
This applies especially to pipes leading to rooms on the first floor 
or to those on the cold side of the house. Pipes of excessive 
length should be increased in size because of the added resistance. 

Figs. 32 and 33 show common methods of running the pipes 
in the basement. The first gives the best results and should be 
used where the basement is of sufficient height to allow it. A 
damper should be placed in each pipe near the furnace for regulat- 
ing the flow of air to the different rooms or for shutting them oflE 
entirely when desired. 
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While round pipe risers give the best results, it is not always 
possible to provide a suflBcient space for their, and flat or oval pipes 
are substituted. When vertical pipes must be placed in single 
partitions, much better results will be obtained if the studding 
can be made 5 or 6 inches deep instead of 4 as is usually done. 
Flues should never in any case be made less than 3^ inches in 
depth. Each room should be heated by a separate pipe. In some 
cases however, it is allowable to run a single riser to heat two 
unimportant rooms on an upper floor. A clear space of at least 
^ inch should be left between the risers and studs and the latter 
should be carefully tinned, and the space between them on both 
sides covered with tin, asbestos or wire lath. 

The following table gives the capacity of oval pipes. A 6- 
inch pipe ovaled to 5 means that a 6-inch pipe has been flattened 
out to a thickness of 5 inches and column 2 gives the resulting 
area. 

TABLE VII, 



DIMENSION 


OF 


PIPE. 


ARKA. IN SQtTABB INCHES, 


6 ovaled to 5 


27 


7 


46 


44 


4 


81 


7 


ii 


44 


H 


29 


7 


ii 


44 


6 


88 


8 


4fc 


44 


5 


43 


9 


44 


44 


4 


45 


10 


44 


44 


H 


46 


9 


44 


44 


6 


67 


9 


44 


44 


5 


61 


11 


44 


44 


4 


68 


12 


44 


44 


H 


65 


10 


44 


44 


6 


67 


11 


44 


44 





67 


14 


44 


44 


4 


76 


15 


ih 


44 


H 


73 


12 


44 


44 


6 


86 


12 


44 


44 


5 


75 


19 


44 


44 


4 


96 


20 


44 


44 


H 


100 



Having determined the size of round pipe required, an equiva- 
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lent oval pipe can be selected from the table to suit the space 
available. 

Reg^isters. The registera which control the supply of warm 
air to the rooms, generally have a net area equal to two-thirds of 
their gross area. The net area should be from 10 to 20 per cent 
greater than the area of the pipe connected with it. It is com- 
mon practice to use register having the short dimension equal to, 
and the long dimension about one-half greater than the diameter 
of the pipe. This would give the following standard sizes for 
different diameters of pipe. 

TABLE VIIL 



DIAMKTER Ob' PIPE. 


SIZB OF KEGISTEB. 


6 


6 X 10 


7 


T X 10 


8 


8 X 12 


9 


9X 14 


10 


• 10 X 15 


11 


11 X 16 


12 


12 X 17 


13 


14 X 20 


14 


14 X 22 


15 


15 X 22 


16 


16 X 24 



Combination Systems. A combination system for heating 
by hot air and hot water consists of an ordinary furnace with 
some form of surface for heating water, placed either in contact 
with the fire or suspended above it. Fig. 34 shows a common 
jtri-aiigement where part of the heating suiiace foims a portion of 
the lining to the fire pot and the remainder is above the fire. 

Care must be taken to properly proportion the work to be 
done by the air and the water, else one will operate at the expense 
of the other. One square foot of heating surface in contact with 
the fire is capable of supplying from 40 to 50 square feet of radi- 
ating surface, and one square foot suspended over the fire will 
supply from 15 to 25 square feet of radiation. 

Care and Management. The following general rules apply 
to the management of all hard coal furnaces. 
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The fire should be thoroughly shaken once or twice daily in 
cold weather. It is well to keep the fire pot heaping full at nil 
times. In this way a more even temperature may be maintitined, 
less attentioQ required and no more coal burned than when tlie 



ng. 84. 

pot 13. only partly filled. In mild weather the mistake ia fre- 
quently made of carrying a thin fire, whicli requires frequent 
attention and is likely to die out. Instead, to diminish the tem- 
perature in the house, keep the fire pot full and allow ashes to 
accumulate ob the grate (not under it") bv shaking less frequently 
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or less vigorously. The ashes will hold the heat and render it an 
easy matter to maintain and control the fire. When feeding coal 
on a low fire, open the drafts and neither rake nor shake the fire 
till the fresh coal becomes ignited. The air supply to the fire is 
of the greatest importance. An insufficient amount results in 
incomplete combustion and a great loss of heat. To secure 
proper combustion the fire should be controlled principally by 
means of tl*e Ash pit, through the ash pit door or slide. 

The fipfaoke pipe damper should be opened only enough to 
cany off tile gas or smoke and to give the necessary draft. Tlie 

r 

openings inftlie feed door act as a check on the fire and should be 
kept closed during cold weather, except just after firing, when 
with a good draft they may be partly opened to increase the air 
supply and promote the proper combustion of the gases. 

Keep the ash pit clear to avoid warping or melting the grate. 
The cold-air box should be kept wide open except during winds 
or when the fire is low. At such times it may be partly, but 
never completely closed. Too much stress cannot be laid on the 
importance of a sufficient air supply to the furnace. It costs 
little if any more to maintain a comfortable temperature in the 
house night and day than to allow the rooms to become so cold 
during the night that the fire must be forced in the morning to 
warm them up to a comfortable temperature. 

In case the warm air fails at times to reach certain rooms 
it may be forced into them by temporarily closing the registers 
in other rooms. The current once established will generally con- 
tinue after the other registers have been opened. 

It is best to burn as hard coal as the draft will warrant. 
Egg size is better than larger coal, since for a given weight small 
lumps expose more surface and ignite more quickly than larger 
ones. The furnace and smoke pipe should be thoroughly cleaned 
once a year. This should be done just after the fire has been 
Uowed to go out in the spring. 






STEAM BOILERS. 

Types. The boilera used for heating are the same as have 
already been described for power work. In addition there is the 
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castriron sectional boiler, which is almost exclasively used for 
dwelling houses. 

Sectional Boilers. Fig. 35 shows a common form of cast- 
iron boiler. It is made up of slabs or sections, each one of whi'jh 
is connected by nipples mtb headers at the sides and top. The 
top header acts as a steam drum and the lower ones act aa mud 
drums; they also receive the water of condensation from the 
iwliators. The gases from tiie fire pass backward and iorward 



Fig. 36. 

through flues and are finally taken off at the rear of the boiler. The 
ratio of healing to grate surface in this type of boiler ranges 
from 15 to 25 in the best makes. They are provided with the 
usual attachments, such as pressure gage, water glass, gage cocks 
and safety valve ; a low-pressure damper regulator is furnished for 
operating the draft doors, thus keeping the steam pressure practi- 
cally couBtant. A pressure of from 1 to 5 pounds is usually 
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carried on these boilei-s depending upon the outside temperature. 
The usual setting is simply a covering of some kind of non- 
conducting material like plastic magnesia or asbestos, although 
some forms are enclosed in light brickwork. Fig. 36 shoTra one 
of this kind with part of the setting removed. In computing the 
required size we may proceed in the same manner as in the case 
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of a furnace. For the best types we may assume a combustion 
of 5 pounds of coal per squaie foot of grate per hour, and an 
average efficiency of 60 per cent, which corresponda to 8,000 
B. T. U. per pound of coal, available for useful work. 

Ill the case of direct steam heating we have only to snpply 
heat to offset that lost by radiation and conduction, so the grate 
area may be found by dividing the computed heat loss per hour hj 
8,000 which gives tbe number of pounds of coal, and this in turn 
divided l>y 5 will give tlie area of grate required. The most 
efGcieiit rate of combustion will depend somewbat upon the ratio 
between the grate and heating surface. It has been found by 
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experiment that about ^ of a pound of coal per hour for each 
square foot of heating surface gives the best results, so that by 
knowing the ratio of heating surface to grate area for any make 
of heater we may easily compute the most efficient rate of combus- 
tion and from it determine the necessary grate area. 

For example — The heat loss from a building is 480,000 
B. T. U. per hour ; we wish to use a heater in which the ratio of 
heating surface to grate area is 24, what will be the most efficient 
rate of combustion and the required grate area? 480,000 -h 8,000 
= 60 pounds of coal per hour, and 24 -7- 4 = 6, which is the best 
rate of combustion to employ, therefore 60 -f- 6 = 10, the grate 
area required. 

Example.— The heat loss from a building is 168,000 B. T. U. 
per hour and the chimney draft is such that not over 3 pounds of 
coal per hour can be burned per square foot of grate. What ratio 
of heating to grate area will be necessary and what will be the 
required grate area ? 

The coal necessary is 168,000 -f- 8000 = 21 pounds per 
hour, requiring 7 square feet of grate surface at the given rate of 
combustion. Allowing ^ pound per square foot, we need 21 -^- | 
= 84 square feet of heating surface, and this gives a ratio of 
84 -4- 7 = 12. Ans. 

Cast iron sectional boilers are used for dwelling houses, small 
schoolhouses, churches, etc., where low pressures are carried. 
They are increased in size by adding more slabs or sections. 
After a certain length is reached the rear sections become less and 
less efficient, thus limiting the size and power. 

Tubular Boilers. Tubular boilers are largely used for heat- 
ing purposes, and are adapted to all classes of buildings except 
dwelling houses and the special cases mentioned for wliicli 
sectional boilers are preferable. The capacity of this type oi 
boiler is usually stated as so many horse-power, and the method of 
determining the size is different from that just described. A boiler 
horse-power has been defined as the evaporation of 34 1 pounds ol 
water from and at a temperature of 212 degrees, and in doing this 
83,317 B. T. U. are absorbed, which are again given out when 
tie steam is condensed in the radiatoi*s. Hence to find the boiler 
H. P, required for warming any given building we have only to 
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compute the heat loss per hour by the methods already given and 
divide the result by 33,330. It is more common to divide by the 
number 33,000, which gives a slightly larger boiler and is on the 
side of safety. The ratio of heating to grate surface in this type of 
boiler ranges from 30 to 40 and therefore allows a combustion of 
from 8 to 10 pounds of coal per square foot of grate. This is 
easily obtained with a good chimney draft and careful firing. 
TTie larger the boiler, the more important the plant usuall^s and 
the greater the care bestowed upon it so that we may generally 
count on a higher rate of combustion and a; greater efficiency as 
the size of the boiler increases. The following table will be found 
useful in determining the size of boiler required under different 
conditions. The grate area is computed for an evaporation of 8 
pounds of water per pound of coal, which corresponds to an effi- 
ciency of about 60 per cent and is about the average obtained 
in practice for heating boilers. 

The areas of uptake and smoke pipe are figured on a basis of 

1 square foot to 7 square feet of grate surface and the results given 
in round numbei*s. In the smaller sizes the relative size of smoke 
pipe is greater. The rate of combustion runs from 6 pounds in 
the smaller sizes to 11 J in the larger. Boilers of the proportions 
given in the table, correspond well with those used in actual 
practice and may be relied upon to give good results under all 
ordinary conditions. 

Water-tiibe boilers are often used for heating purposes but 
more especially in connection with power plants. The nlethod 
of computing the required H. P. is the same as for tubular 
boilers. 

Horse Power for Ventilation. We already know that one 
B. T. U. will raise the temperature of 1 cubic foot of air 55 degrees, 
or it will raise 100 cubic feet ^^^ of 55 or -^^-^ of 1 degree, there- 
fore to raise 100 cubic feet 1 degree it will take 1 -r- -^^j^ or ^^ 
B. T. U., and to raise 100 cubic feet through 100 degrees it 
would take ^r X 100 B, T. U. In other words, the B. T. U. re- 
quired to raise any given volume of air through any number of 
degrees in temperature is equal to 

Volume of air in cubic ft. X Degrees raised 
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TABLE IX. 






■ 


Diameter 

of Shell 

In Inches. 


Number 
of Tubes. 


Diameter 
of Tubes 
in Inches. 


Lengrth 

of Tubes 

in Feet. 


Horse 
Power. 

8.5 


Size of 
Grate in 
Inches. 


Size of 

Uptake 

in Inches. 


Size of 

smokepijpe 

in sq. in. 


30 


28 


2;4 


6 


24 X 36 . 


10x14 


140 








7 


9.9 


24 X 36 


10x14 


140 






• 


8 


11.2 


24x36 


10x14 


140 








9 


12.6 


24x42 


10 xU 


140 








10 


14.0 


24x42 


10x14 


140 


86 < 


34 


2^ , 


3 


13.0 


30x36 


10x16 ' 


160 






( 


9 


. 15.3 


30 x 42 


10x18 


180 








10 


16.9 


30x42 


10x18 


)S0 








11 


18.6 


30 X 48 


10x20 


200 








12 


20.9 


30x48 


10x20 


200 


42 


34 


8 


9 


18.5 


36 X 42 


10x20 


20^/ 








10 


20.5 


36 X 42 


10x20 


200 








11 


22.5 


36 X.48 


10x25 


250 








12 


24.5 


36x48 


10x25 


250 








13 


26.5 


36x48 


10x2H 


280 








14 


28.5 


36 x 54 


10x28 


280 


48 


44 


8 


10 


30.4 


42x48 


10x28 


280 








11 


33.2 


42x48 


10x28 


280 








12 


35.7 


4^x54 


10x32 


320 




. 




13 


38.3 


42 X 54 


10 X 32 


320 






• 


14 


40.8 


42x60 


10x36 


360 








15 


43.4 


42x60 


10x36 


360 








16 


45.9 


42x60 


10x36 


360 


54 


54 


3 


11 


34.6 


48x54 


10x38 


380 






1 


12 


37.7 


48x54 


10x38 


380 








13 


■ 40.8 


48x54 


10x38 


380 








14 


43.9 


48x54 


10 x 38 


380 








15 


47.0 


48x60 


10x40 


400 








16 


50.1 


48x60 


10x40 


400 




40 


3>i 


17 


53.0 


48x60 


10x40 


400 


eo 


72 


3 


12 


48.4 


54x60 


12x40 


460 








13 


52.4 


54x60 


12x40 


460 








14 


56.4 


54x60 


12x40 


460 








15 


60.4 


54x66 


12x42 


500 








16. 


64.4 


54x66 


12x42 


500 




64 


S}4 


17 


71.4 


54x72 


12x48 


550 








18 


75.6 


54x72 


12x48 


550 


d6 


90 


3 


14 


70.1 


60x66 


12x48 


500 








15 


75.0 


60x72 


12x52 


620 








16 


80.0 


60x72 


12x52 


620 




78 


3)4' 


17 


86.0 


60x78 


12x56 


670 








18 


91.1 


60x78 


12 x 56 


670 








19 


96.2 


60x78 


12x56 


670 




62 


4 


20 


93.1 


60x78 


12x56 


670 


n 


114 


3 


14 


87.4 


66x72 


12x56 


670 








15 


93.6 


66x72 


12x56 


670 








16 


99.7 


66x78 


12x62 


740 




W 


3^ 


17 


106.4 


66x78 


12x62 


740 








18 ■ 


112.6 


66x84 


12x66 


790 








19 


118.8 


66x84 


12x66 


790 




72 


4 


20 


107.3 


66x84 


12x66 


790 
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Example -^ How many B. T. U. are required to raise 100,000 
oubic feet of air 70 degrees ? 

To compute the H. P. required for the ventilation of a build- 
ing we multiply the total air supply in cubic feet per hour by the 
number of degrees through which it is to be raised, and divide the 
result by 55. This gives the B. T. U. per hour, which divided 
by 33,000 will give the H. P. required. In using this rule always 
tabe the air supply in cubic feet per hour. 

Example. — A high school has 10 class rooms, each occupied by 
50 pupils. Air is to be delivered to the rooms at a temperature of 
70 degrees. What will be the total H. P. required to heat and 
ventilate the building when it is 10 degrees below zero if the heat 
loss through walls and windows is 1,320,000 B. T. U. per hour? 

Cubic feet of air = 3000 X 10 X 50 = 1,500,000 

To heat this quantity we need 

1,500,000 X 80 ^ ^^^3^ 3QQ ^^^ 

Total B. T. U. = 1,500,000 + 2,181,800 = 3,501,800 
Boiler H. P. = 8,501,800 -f- 33,000 = 106. • Ans, 

DIRECT STEAM HEATING. 

Types of Radiating: Surface. The radiation used in direct 
steam heating is made up of cast iron radiators of various forms, 
pipe radiators and circulation coils. 

Cast Iron Radiators. The general form of cast iron see- 
tional radiators has been shown in Fig. 2. They are made up of 
sections, the number depending upon the amount of heating sui^ 
face required. Fig. 37 shows an intermediate section of a radiator 
of this type. It is simply a loop with inlet and outlet at the 
bottom. The end sections are the same, except they have legs as 
shown in Fig, 38. These sections are connected at the bottom 
by special . nipples so that steam entering at the end fills the 
bottom of the radiator, and being lighter than the air rises through 
the loops and forces the air downward and toward the farther end, 
where it is discharged through an air-valve placed about midway 
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of the last section. There are many different designs varying in 
height and width, to suit all conditions. The wall pattern shown 
in Fig. 4 is very convenient when it is desired to place the radi- 
ator above the floor, as in bath rooms, etc. ; it is also a convenient 
form to place under the windows of halls and churches to counteract 
the effect of cold down drafts. It is adapted to nearly every place 
where the ordinary direct 
radiator can be used and may 
be connected up in different 
ways 10 meet the various 
requirements. 

Pipe Radiators. This 
type of radiator (see Fig. 3) 
is made up of wrought iron 
pipes screwed into a cast iron 
base. The pipes are either 
connected in pairs at the top 
by return bends or each sepa- 
rate tube has a thin metal 
diaphragm passing up the 
center nearly to the top. It 
is necessary that a loop be 
formed else a '* dead end " would occur. This would become filled 
with air and prevent steam from entering, thus causing portions 
of the radiator. to remain cold. For a given surface the average 
pipe radiator is more efficient than the cast iron sectional radiator. 



Fig. 87. 



Fig. 38. 




Fig. 89. • 

Cifx:ulation Coils. These are usually made up of 1 or 1^- 
inch wrought iron pipe, and may be hung on the walls of a room 
by means of hook plates or suspended overhead on hangers and 
rolls. 

Fig. 39 shows a common form for schoolhouse and similar 
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work; this coil is usually made of l|^-inch pipe screwed into 
"headers" or '^branch tees" at the ends, and is hung on the wall 
just below tlie windows. This is known as a " branch coil." Fig. 
40 shows a " trombone coil," which is commonly used when the 
pipes cannot turn a corner, and where the entire coil must be 
placed upon one side of the room. Fig. 41 is called a ''miter 
coil," and is used under the same conditions as a trombone coil if 




Fig. 40. 

there is room for the vertical portion^ This form is not as pleas- 
ing in appearance as either of the other two and is only found in 
factories or shops where looks are of minor importance. 

Overhead coils are usually of the '* miter " form laid on the 
side and suspended about a foot from the ceiling ; they are less 
efficient than when placed nearer the floor, as the warm air stays 
at the ceiling and the lower part of the room is likely to remain 
cold. They are only used when wall coils or radiatoi-s would be 
in the way of fixtures or when they would come below the water 




Fig. 41. 

line of the boiler if placed near the floor^ A coil should never 
be made up as shown in Fig. 42, as unequal expansion of the 
pipes would cause strains which would soon result in leaky joints. 
When steam is first turned on a coil it usually passes through a 
portion of the pipes first and heats them while the others remain 
cold and full of air. Therefore the coil must always be made up 
in such a way that eacli pipe shall have a certain amount of spring 
and may expand independently without bringing undue strains upon 
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tlie others. Circulation coils should incline about 1 inch in 20 
feet toward the return end in order to secure proper drainage and 
quietness of operation. 

Efficiency of Radiators. The efficiency of a radiator, that is, 
the B. T. U, which it gives off per square foot of surface per hour, 
depends upon the difference in temperature between the ste^m in 
the radiator and the surrounding air, the velocity of the air over 
the radiator, and the quality of the surface, whether smooth or 
rough. In ordinary low-pressure heating the first condition is 
practically constant, but the second varies somewhat with the 
pattern of the radiator. An open design which allows the air to 
circulate freely over the radiating* surfaces is more efficient than a 
close pattern and for this reason a pipe coil is more efficient than 
a radiator. 

In a large number of tests of cast iron radiatoi*s, working 




Fig. 42. 

under usual conditions, the heat given off per square foot oJ sur- 
face per hour, for each degree difference in temperature between 
the steam and surrounding air, was found to vary from about 1.3 
to 1.7 B. T. U. The temperature of steam at 3 pounds pressure 
is 220 degrees, and 220 — 70 = 150, which may be taken as the 
average difference between the temperature of the steam and the 
jiir of the room, in ordinary low-pressure work. If we take the 
mean of the above results, that is, 1.5 we shall have 150 X 1.5 = 
225 B. T. U. as the efficiency of an average cast iron radiator. A 
circulation coil made up of pipes frorp 1 to 2 inches in diameter 
\vill easily give off 300 B. T. U. under the same conditions, and 
a shallow pipe radiator of standard height may be safely counted 
upon to give 260. These efficiencies are lower than are given by 
some engineers, but if the sizes are taken from trade catalogues it 
is not safe to go much above these figures. If the radiator is to 
be used for warming rooms which are to be kept at a temperature 
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above or below 70 degrees, the radiating surface may be changed 
in the same proportion as the difference in temperature between 
the steam and the air. 

For example — if a room is to be kept at a temperatui-e of 
60° the efficiency of the radiator becomes iJB^ X 225 = 240 ; 
that is the efficiency varies directly as the difference in temper- 
ature between the steam and the air of the room. It is not cus- 
tomary to consider this unless the steam pressure should be raised 
to 10 or 15 pounds or the temperature of the rooms changed 15 or 
20 degrees from the normal. 

From the above it is easy to compute the size of radiator for 
any given room. First compute the heat loss per hour by radia- 
tion and conduction, in the coldest weather, then divide the result 
by 225 for cast iron radiators, 260 for pipe radiators and 300 for 
pipe coils. It is customary to make the radiators of such size, 
that they will warm the rooms to 70 degrees in the coldest 
weather. This varies a good deal in different localities, even in 
the same state, and the lowest temperature for which we wish 
to provide must be settled upon before any calculations are made. 
In New England and through the Middle and Western States it is 
usual to figure on warming a building to 70 degrees when the 
outside tempei*ature is from zero to 10 degrees below. 

The makers of radiators pjublish in their catalogues, tables 
giving the square feet of heating surface for different styles and 
heights, and these can be used in determining the number of 
sections required for all special cases. 

If pipe coils are to be used, it becomes necessary to reduce 
square feet of heating surface to linear feet of pipe ; this can be 
done by means of the factors given below. 

3 = linear ft. of I'' pipe 

Square feet of heating surface X -{ o H a « ^J" u 



1.6 = " '* 2^ ** 

The size of radiator is only made sufficient to keep the room 
warm after it ^is once heated, and no allowance is made for 
" warming up," that is, the heat given off by the radiator is just 
equal to that lost through walls and windows. This condition is 
offset in two ways — first, when the room is cold, the difference 
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in temperature between the steam and air of the room is greater 
and the radiator is more efficient, and second the radiator is pro- 
portioned for the coldest weather so that for a greater part of the 
time it is larger than necessary. This last condition is one of the 
disadvantages of direct steam heating ; if steam is on the radiator 




Fig. 43. 

at all it will give off the same amount of heat regardless of the 
outside temperature. 

Example. — A schoolroom is to be warmed witli circuhition 
coils of 1^-inch pipe. The heat loss is 30,000 B. T. U. per hour; 
what length of pipe will be required ? 

The heating surface of a pipe coil will bie 

^^>^^^ = 100 square feet. 
300 ^ 

Therefore we need 

2.3 X 100 = 230 linear feet of 1^-inch pipe. 

Location. Radiators should be placed in the coldest 
part of the room if possible, as under windows or near outside 
doors. In living rooms it is often defeirable to keep the windows 
free, in which case the radiators may be placed at one side. Cir- 
culation coils are run along the outside walls of a room under the 
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windows. Sometimes the position of the radiators is decided by 
the necessary location of the pipe risers, so that a certain amount 
of judgment must be used in each special case as to the best 
arrangement to suit all j^quirements. 

Systems of Piping:. There are three distinct systems of 
piping, known as the "two-pipie system,'* the •'one-pipe relief 
system," and the *' one-pipe circuit system," with various modifi- 
cations of each. 

Fig. 43 shows the arrangement of piping and radiators in the 
two-pipe system. The steam main leads from the top of the boiler 
and the branches are carried along near the basement ceiling; 
risefs are taken off from the Supply branches and carried up to the 
STCAh4 M^/A/ _ radiators on the differ- 
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RETURN 



ent floors, and return 
5j pipes are brought down 

§ to the return mains, 

^^I^§L — — — which should be placed 

near the basement floor 
"Q '-^ below the water line of 



^«- ^' the boiler. Where the 

building is more than two stories high, radiatora in similar posi- 
tions on different flooi-s are connected with the same riser, which 
may run to the highest floor, and a corresponding return drop 
connecting with each radiator is carried down beside the riser to 
the basement. A system in which the main horizontal returns are 
bel(5w the water line of the boiler is said to have a ''wet" or 
*' sealed " return. If the returns are overhead and above the 
water line, it is called a " dry " return. Where the steam is ex- 
posed to extended surfaces of water, as in overhead returns, where 
the condensation partially fills the pipes, there is likely to be 
cracking or " water hammer " due to the sudden condensation of 
the steam as it comes in contact with the cooler water. This is 
especially noticeable when steam is first turned into cold pipes 
and radiators, and the condensation is excessive. When dry 
returns are used the pipes should be large, and have a good pitch 
toward the boiler. 

In the case of sealed returns the only contact between the 
sneam and standing water is in the vertical returns where the 
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exposed surfaces are very small (being equal to the sectional 
area of the pipes) and trouble from water hammer is practically 
done away with. Dry returns should be given an incline of at 
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least 1 inch in 10 feet, 

while for wet returns 1 

inch in 20 or even 40 = 

feet is ample. The 

ends of all steam mains 

and branches should be 

dripped into the returns. 

If the return is sealed, 

the di-ip may be directly 

connected as shown in Fig. 44, but if it is dry, the connection 

should be provided with a siphon loop as indicated in Fig. 45. 

The loop becomes filled with water and prevents steam from 
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Pig. 40. 

flowing directly into the return. As the condensation collects in 
the loop it ovei-flows into the return pipe and is carried away. 
The return pipes in this case are of course filled with steam 
above the water, but it is steam which has passed through the 
radiators and their return connections, and is therefore at a slightly 
lower pressure, so that if steam were admitted directly from the 
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main it would tend to hold back the water in more distant returns 
and cause surging and cracking in the pipes. Sometimes the 
boiler is at a lower level than the basement in which the returns 
are run and it then becomes necessary to establish a "false" water 
line. This is done by making connections as shown in Fig. 46. 

It is readily seen that the return water in order to reach the 
boiler must flow over the loop " A " which raises the water b'ne, 
or seal, to the level shown by the dotted line. The balance pipe 
is to break the seal as the water flows over the loop, and prevent 




Fig. 47. 

any siphon action wliich would tend to drain the water out of the 
return mains after a flow was once started^ 

One-Pipe Relief System. In this system of piping the radi- 
ators have but a single connection, the steam flowing in and the 
condensation draining out through the same pipe. Fig. 47 shows 
the method of running the pipes for this system. The steam 
main, as before, leads from the top of the boiler and is earned 
to as high a point as the basement ceiling will allow ; it then 
slopes downward with a grade of about 1 inch in 10 feet end 
makes a circuit of the building or a portion of it. 

Risers are taken off from the top and carried to the radiators 
above as in the two-pipe system, but in this case, the condensation 
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flows back through the same pipe and di'ains into the return 
main near the floor through drip connections which are made at 
frequent intervals. In a two-story building the bottom of each 
riser to the second floor is dripped, and in larger buildings it is 
customary to drip each riser that has more than one radiator con- 
nected with it. If the radiators are large and at a considerable 
distance from the next riser, it is better to make a drip connection 
for each radiator. When the return main is overhead, the risers 
should be dripped through siphon loops, but the ends of the 
branches should make direct connection with the returns. This 
is the reverse of the two-pipe system. In this case the lowest 







V/A 








Fig. 48. 

pressure is at the ends of the mains so that steam introduced 
into the returns at these points will cause no trouble in the pipes 
connecting between these and the boiler. 

If no steam is allowed to enter the returns, a vacuum will be 
formed, and there will be no pressure to force the water back to 
the boiler. A check valve should always be placed in the main 
return near the boiler to prevent the water from flowing out in 
case of a vacuum being formed suddenly in the pipes. 

One-Pipe Circuit System. (See Fig. 48.) In this case the 
steam main rises to the highest point of the basement as before, 
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and then with a coiisidenible pitch makes an entire circuit o£ the 
building and sigain connects with the boiler below the water line. 
Single risers are taken from the top and the condensation drains 
back through the same pipes and is carried along with the flow 
of steam to the extreme end of the main, wlifre it is returned to 



Fig, 4fl. ■ Kig. 50. 

Ihe l>oilcr, Tlie main is made large and of the same size thiough- 
out its entire length ; it must be given a good pitch to insure 
aatisfactory results. 

One objectioii to a single-pipe system is that the steam and 
return water are flowing in opposite 
directions, an([ the risers must be made 
of extra large size to prevent an\' in- 
terference. This is overcome in large 
buildings by carrj'ing a single riser to 
tlie attic, large eiiougli to. supply the 
entire building ; then branching and 
running " drops " to the biisement. In 
this system the flow of steam Is down- 
pjg, 61. ward as well :is iliat of water. This 

method of piping may be used with 
{rood results in two-pipe systems as well. -Care must always be 
taken that no pockets or low points occur in any of the lines of 
pipe, but if for any reason they cannot he avoided they should be 
■carefully drained, . 

Pipe Connections. Figs. 49, .50 and ")1 show the common 
methods of making the connections lictween the supply pipes and 
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the radiators. Fig. 49 shows a two-pipe connection with a riser: 
the return is carried down to the main below. Fig. 50 shows a 
single pipe connection with a basement main and Fig. 51 a single 
connection with a riser. 

Care must always be taken to make the horizontal part of the 
piping between the radiator and riser as short as possible and to 
give it a good pitch toward the riser. There are various ways of 
making these connections especially suited to different conditions, 



9 




VifT. 62. 

but the examples given serve to show the general principle to be 

followed. 

Figs. 39, 40 and 41 show the common methods of making 

steam and return connections with circulation coils. The position 

of the air valve is shown in each case. 

Expansion of Pipes. Cold steam pipes expand approximately 
1 inch in each 100 feet in length when low pressure steam is 
turned into them, so that in laying out a system of piping we 
must arrange it in such a manner that there will be sufficient 
"spring" or "give" to the pipes to prevent injurious strains. 
This is done by means of offsets and bends. In the case of larger 
pipes this simple method will not be sufficient, and swivel or slip 
joints must be used, to take up the expansion. The method, oi 
making up a swivel joint is shown in Fig.- 52. 

Any lengthening of the pipe A will be taken up by slight 
turning or swivel movements at the poin #s B and C. A slip joint 
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is shown in Fig. 53. The part o alidea Jnside the shell d and is 
made steam tight by a stuffing box as shown. The pipes are con- 
nected at tiie flanges A and B. 

When pipes pass through floors or partitions, the woodwork 
should be protected by galvanized iron sleeves having a diameter 
from J to 1 inch greater than the pipe Fig 54 shows a form of 




adjustable floor sleeve which may be lengthened or shortened to 
conform to the thickness of floor or partition. If plain sleeves are 
usedi a plate should be placed around the pipe where it passes 
through ilie floor or partition. These are made in two parts so 
that they may be put in place 
ifter the pipe is hung. A plate 
o£ this kind is shown in Fig. 55. 
Valves. The different 
stylos commonly used for radi- 
ator connections are shown in 
Figs. 56, 57 and 58, and are 
known as " angle," " offset " 
and "comer" valves respec- 
tively. The first is used when 
the radiator is at the top of a 
riser or when the connections 
are like those shown in Figs. 
49, 50 and 51 ; the second is 
Qsed when the connection between the riser and radiator is above 
tlie floor, and the tliird when the radiator has to be set close 
in the comer ot a room and tliere is not space for the usual con- 
nection. A globe valve should never be used in a horizontal steam 
supply or dry return; the reason for this is plainly shown in 
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Fig. 59. In order for water to flow through the valve it must 
rise to a height shown by the dotted line, which would half fill 
the pipes, and cause serious trouble from water hammer. The 
gate valve shown in Fig. 60 does not have 
this undesirable feature, as the opening 
is on a level with the bottom of the pipe. 
Air Valves. Valves of various kinds 
are used for freeing the radiators from air 
when steam is turned on. Fig. 61 shows 
simplest form, which is operated by hand. 
Fig. 62 is a type of automatic valve ; it consists of a shell, 
which is attached to the radiator. B is a small opening which 
may be closed by the spindle C which is provided witli a 
conical end. D is a strip composed of a layer of iron or steel 




Fig. 56. 






Fig. 56. Fig. 67. Fig. 6S. 

and one of brass soldered or brazed together. The action of the 
valve is as follows; when the radiator is cold and filled with air 
the valve stands as shown in the cut. When steam is turned on, 
the air is driven out through the opening B. As soon as this is 
expelled and steam strikes the strip D, the two prongs spring 




Fig 69. 

apart owing to the unequal expansion of the two metals due to 
the heat of the steam. This raises the spindle C and closes the 
opening so that no steam can escape. If air should collect in the 
valve and the metal strip become cool it would contract and the 
spindle would drop and allow the air to escape through B as be- 
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fore. E is an adjusting nut and F is a float attached to the 
spindle, and is supposed in case of a sudden rash of water with 
the air to rise and close the opening ; this action is somewhat 
uncertain, especially if the pressure of water 
continues for some time. 

There are other types of valves acting 
on tlie same principle. The valve shown in 
Fig. 63 is closed by the expansion of a piece 
of vulcanite instead of a metal strip, and hiis 
no water float. 

The valve shown in Fig. 64 acts on a 
somewhat different principle. The float C 
is made of thin brass, closed at top and bot^ 
tom, and is partially filled with wood alcohol. 
When steam strikes the float the alcohol is 
vaporized, and creates a pressure sufficient I 
to bulge out the ends slightly which raises 
the spindle and closes the opening B. Fig. 
65 shows a form of so-called " vacuum 
valve." It acts in a similar manner to those 
already described, but has in addition a ball cheek which prevents 
the air from being drawn into the radiator, should the steam go 
down and a vacuum l)e formed. If a partial vacuum exists in the 




Fig. 60. 



/^ 





Fig. 61. Fig. 63. 

boiler and radiators, the boiling point, and consequently the 
temperature of the steam are lowered, and less heat is given off 
by the radiators. Tliis method of operating a heating plant is 
sometimes advocated for spring and fall when less heat is re- 
quired, and steam under pressure would overheat the rooms. 

Pipe Sizes. The proportioning of the steam pipes in a heat- 
ing plant is of the greatest importance, and should be carefully 
worked out by methods which experience has proved to be correct. 
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There are several waya of doing this, but for ordinaiy condi- 
tions the following tables have given excellent results in actual 
[tractice. They have been computed from what is known as 




Pig. 68. Fig. 83. 

D'Arcy'a formula, with suitable corrections made for actual work 
ing conditions. As the computations are somewhat complicated, 
only the results will be given here, with 
full directions for their proper use. Tlie 
following table gives the flow of steam in 
pounds per minute for pipes of different i 
diameters, and with varying drops in 
pressure between the supply and dis- 
charge ends of the pipe. These quanti- 
ties are for pipes 100 feet in length ; for 
other lengths the results must be corrected I 
by the factors given in table XII. As the 
length of the pipe increases, the friction I 
liecomes greater, and the quantity of steam 
discharged in a given time is diminished. 

Table X is computed on the assumption that the drop in 
pressure between the two ends of the pipe equals the initial pres- 
sure. If the drop in pressure is less tlian the initial pressure the 
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actual discharge will be slightly greater than the quantities given 
in the table, but this difference will be stnall for pressures up to 
5 pounds, and can be neglected as it is on the side of safety. For 
higher initial pressures, table XI has been pi^pared. This is to 

TABLE X. 









Drop in Pressure (Pounds.) 






Dlam. 


















of 
Pipe. 


X 


)^ 


% 


1 


1>4 


2 


3 


4 


5 


1 


.44 


.63 


.78 


.91 


1.13 


1.31 


1.66 


1.97 


2.26 


IX 


.81 


1.16 


1.43 


1.66 


2.05 


2.39 


3.02 


3.59 


4.12 


1^ 


1.06 


1.89 


2.34 


2.71 


3.36 


3.92 


4.94 


5.88 


6.75 


2 


2.93 


4.17 


5.16 


5.99 


7.43 


8.65 


10.9 


13.0 


14.9 


2K 


5.29 


7.52 


9.32 


10.8 


13.4 


15.6 


19.7 


23.4 


26.9 


3 


8.61 


12.3 


15.2 


17.6 


21.8 


25.4 


32 


31.8 


43.7 


3^ 


12.9 


18.3 


22.6 


26.3 


32.5 


37.9 


47.8 


56.9 


65.3 


4 


181 


25.7 


31.8 


36.9 


45.8 


53.3 


67.2 


80.1 


91.9 


5 


32.2 


45.7 


56.6 


65.7 


81.3 


94.7 


120 


142 


163 


6 


51.7 


73.3 


90.9 


106 


131 


152 


192 


229 


262 


7 


''6.7 


109 


135 


157 


194 


226 


285 


339 


390 


8 


108 


154 


190 


222 


274 


319 


402 


478 


549 


9 


147 


209 


258 


299 


371 


432 


545 


649 


745 


10 


192 


273 


339 


393 


487 


567 


715 


852 


977 


12 


^05 


434 


537 


623 


771 


899 


1130 


1350 . 


1550 


15 


535 


761 


942 


1090 


1350 


1580 


1990 


2370 


2720 



be used in connection with table X as follows. First find from 
table X the quantity of steam which will be discharged through 
the given diameter of pipe with the assumed drop in pressure ; 

TABLE XI. 









Initial Pressure. 






Drop in 














Pressure 
In Pounds. 


10 


20 


30 


40 


60 


80 


1 


1.27 


1.49 


1.68 


1.84 


2.13 


2.38 


1 


1.26 


1.48 


1.66 


1.83 


2.11 


2.36 


1.24 


1.46 


1.64 


1.80 


2.08 


2.32 


2 


1.21 


1.41 


1.59 


1.75 


2.02 


2.26 


3 


1.17 


1.37 


1.55 


1.70 


1.97 


2.20 


4 


1.14 


1.34 


1.51 


1.66 


1.92 


2.14 


5 


1.12 


1.31 


1.47 


1.62 


1.87 


2.09 



then look in table XI for the factor corresponding with the 
assumed drop and the higher initial pressure to be used. The 
quantity given in table X multiplied by this factor will give the 
actual capacity of the pipe under the given conditions. 
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Example — What weight of steam will be discharged through 
a 3" pipe, 100 feet long, with an initial pressure of 60 pounds and 
a drop of 2 pounds ? 

Looking in table X we find that a 3" pipe will discharge 
25.4 pounds of steam per minute with a 2-pound drop. Then 
looking in table XI we find the factor corresponding to 60 pounds 
initial pressure and a drop of 2 pounds to be 2.02. Then accord- 
ing to the rule given, 25.4 X 2.02 = 51.3 pounds which is the 
capacity of a 3" pipe under the assumed conditions. 

Sometimes the problem will be presented in the following 
way : What size of pipe will be required to deliver 80 pounds of 
steam a distance of 100 feet with an initial pressure of 40 pounds 
and a drop of 3 pounds ? 

TABLE XIL 



Feet. 


FMtor. 


Feet. 


Factor. 


Feet. 


Factor. 


Feet 


Factor. 


10 


3.16 


120 


.91 


275 


.60 


600 


.40 


20 


2.24 


130 


.87 


300 


.67 


650 


.39 


30 


1.82 


140 


.84 


325 


.56 


700 


.37 


46 


1.58 


150 


.81 


350, 


.53 


750 


.36 


60 


1.41 


160 


.79 


375 


.61 


800 


.35 


60 


1.29 


170 


.76 


400 


.50 


850 


.34 


70 


1.20 


180 


.74 


425 


.48 


900 


.33 


80 


1.12 


190 


.72 


450 


.47 


960 


.32 


90 


1.05 


200 


.70 


475 


.46 


1,000 


.81 


100 


1.00 


225 


.66 


500 


.45 






110 


.95 


250 


".63 


650 


.42 


■ 





We have seen that the higher the initial pressure with a 
given drop, the greater will be the quantity of steam discharged ; 
therefore a smaller pipe will be required to deliver 80 pounds 
of steam at 40 pounds than at* 3 pounds initial pressure. From 
table XI we find that a given pipe will discharge 1.7 times as 
much steam per minute with a pressure of 40 pounds, and a drop 
of 3 pounds, as it would with a pressure of 3 pounds, dropping 
to zero. From this it is evident that if we divide 80 by 1.7 and 
look in table X under " 3 pounds drop " for the. result thus 
obtained, the size of pipe corresponding will be that required. 

80 -^ 1.7 = 47. 
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Tlie nearest number in the table marked " 3 pounds drop " is 
47.8 which corresponds to a 3^" pipe and is the size required. 

These conditions will seldom be met with in low-pressure 
heating, but apply more particularly to combination power and 
heating plants, and will be taken up more fully under that head. 
For lengths of pipe other than 100 feet, multiply the quantities 
given in table X by the factors found in table XII. 

Example — What weight of steam will be discharged per 
minute through a 3|" pipe, 450 feet long with a pressure of 5 
pounds and a drop of ^ pound ? 

Table X, which may be used for all pressures below 10 
pounds, gives for a 3|" pipe, 100 feet long, a capacity of 18.3 
pounds for the above conditions. Looking in table XII, we find 
the correction factor for 450 feet to be .47. Then 18.3 X .47 = 
8.6 pounds, the quantity of steam which will be discharged if 
the pipe is 450 feet long. 

Examples involving the use of tables X, XI and XII in 
combination are quite common in practice. The following sliows 
the method of calculation : 

What size of pipe will be required to deliver 90 pounds of 

steam per minute a distance of 800 feet, with an initial pressure 

of 80 pounds and a drop of 5 pounds? Table XII gives the 

factor for 800 feet as ..35 and table XI that for 80 pounds pres- 

90 
sure and 5 pounds drop as 2.09. Then = 123 : which 

^ ^ .35 X 2.09 

is the equivalent quantity, we must look for in table X. We 
find that a 4" pipe will discharge 91.9 pounds, and a S*' pipe 163 
pounds. A 4|" pipe is not commonly carried in stock and we 
should probably use a 5" in this case, unless it was decided to use 
a 4" and allow a sliglitly greater drop in pressure. In ordinary 
heating work with pressures varying from 2 to 5 pounds, a drop 
of I pound in 100 feet has been found to give satisfactory results. 

In computing the pipe sizes for a heating system by the 
above methods it would be a long process to work out the size of 
each branch separately so the following table has been prepared 
for ready use in low-pressure work. 

As most direct heating systems, and especially those in 
schoolhouses, are made up of both radiators and circulation coils. 



78 



HEATING AND VENTILATION. 



71 



an efficiency of 300 B. T. U. has been taken for direct radiation 
of whatever variety, no distinction being made between tlie dif- 
ferent kinds. This gives a sliglitly larger pipe than is necessary 
for cast iron radiators, but it is probably offset by bends in the 
pipes, and in any case gives a slight factor of safety. We find 
from a steam table that the '' latent heat " of steam at 20 pounds 
above a vacuum, (which corresponds to f5 pounds gage-pressure) is 
954 + B. T. U., which means that for every pound of steam con- 
densed in a radiator 95-4 B. T. U. are given off for warming the 
air of the room. If a radiator has an efficiency of 300 B. T. U., 
tlien each square foot of surface will condense 300 -f- 954 = .314 
pounds of steam per hour, so that we may assume in round num- 
bera a condensation of ^ of a pound of steam per hour for each 
square foot of direct radiation, when computing the sizes of steam 
pipes in low-pressure heating. Table XIII hsis been calculated on 
this assumption, and gives the square feet of heating surface 

TABLE XIII. 

LENGTH OF PIPE 100 FEET. 





Size of Pipe. 


Square. Feet of Heating Surface. 


1 




\ Pound Drop. 


i Pound Drop. 

• 






1 


80 


114 






n 


145 


210 






i| 


190 


340 






2 


625 


750 






2i 


950 


1350 






3" 


1550 


2210 






H 


2320 


3290 






i 


3250 


4(520 






5 


5800 


8220 






6 


9320 


13200 






7 


13800 


19620 






8 


19440 


27720 





which different sizes of pipe will supply, witli drops in pressuie 
of ^ and .]- pounds, in each 100 feet of pipe. The former should 
be used for pressures from 1 to 5 pounds, and the latter may be 
used for pressures over 5 pounds, under ordinary conditions. The 
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sizes of long mains and special pipes of large size should be 
proportioned directly from tables X, XI and XII. 

Where the two-pipe system is used and the radiators have 
separate supply and return pipes, the risers or vertical pipes may 
be taken from table XIII, but if the single pipe system is used, 
the risers must be increased in size as the steam and water are 
flowing in opposite directions and must have plenty of room to 
pass each other. It is customary in this case to base the compu- 
tation on the velocity of the steam in the pipes rather than on the 
drop in pressure. Assuming as before, a condensation of one-third 
of a pound of steam per hour per square foot of radiation, the fol- 
lowing tables have been prepared for velocities of 10 and 15 feet 
per second. The sizes given in table XV have been found suffi- 
cient in most cases, but the larger sizes, based on a flow of 10 feet 
per second, give greater safety and should be more generally 
used. The size of the largest riser should usually be limited to 
2|" in school and dwelling house work unless it is a special pipe 
carried up in a concealed position. If the length of riser is short 
between the lowest radiator and the main, a higher .velocity of 20 
feet or more may be allowed through this portion rather than 
make the pipe excessively large. 



TABLE XIV. 



TABLE XV. 



10 Feet Per Seoond Velocity. 



Size of Pipe. 


Sq. 


Feet of Radiation. 


1 




30 


11 




60 




80 , 


2 




130 


H 




190 


3 




290 


H 




390 ■ 



15 Feet Per Second Velocity. 



Size of Pipe. Sq. Feet of Radiation. 




50 
90 
120 
200 
290 
840 
590 



Example. — Compute tlie size of pipe required to supply 
10,000 square feet of direct radiation, where the distance to the 
boiler house is 300 feet and the pressure carried is 10 pounds; 
allowing a drop in pressure of 4 pounds. 
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Steam required = |. X 10,000 = 3333 pounds per hour 

= 55.6 pounds per minute. 
From Table XII we see that this corresponds to 55.6 -^ .57 
= 97.5 pounds for a pipe 100 feet long. From Table XI the 

discharge factor is 1.14. Hence in Table X we look for — -ll = 

1.14 

85.5 under 4 pounds drop, and we find that a 5-inch pipe must be 
used. 



Dia. of Ste&m Pipe 

1 

ji 

5 

6 

7 

8 

9 
10 
12 




Dia. of Sealed Return. 



3 

! 

it 

At 

2 
3 

I' 

5 



Returns. The size of return pip^s is usually a matter of 
custom and judgment rather than computation. It is a common 
rule among steam fittei-s to make 
the returns one size smaller than 
the corresponding steam pipes. 
This is a good rulj for the 
smaller sizes, but gives a larger 
return than is necessary for the 
larger sizes of pipe. Table XVI 
gives different sizes of steam pipes Pig. 66. 

i 

with the corresponding diameters for dry and sealed returns. 
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The length of run and number of turns in a return pipe 
should be noted and any unusual conditions provided for. Where 
the condensation i^ discharged through a trap into a lower pres- 
sure the sizes given may be slightly reduced, especially among the 
larger sizes, depending upon the difference in pressures. 

Radiators are usually tapped for pipe connections as follows, 
and these sizes may be used for the connections with the mains or 
risers. 

TWOPIPE CONNECTION. 

Square Feet of Radiation. Steam. Return. 

10 to 80 l'^ f " 

80 to 48 1 '^ I'' 

48 to 96 11' 1 '^ 

96 to 150 11'' l^" 

SINGLE PIPE CONNECTION. 
10 to 24 1 ' 

24 to 60 1\^ 

60 to 80 1^-*^ 

80 to 130 2 " 

Boiler Connections. The steam main should be connected 
to the rear nozzle, if a tubular boiler is used, as the boiling of the 
water is less violent at this point and dryer steam will be 
obtained. The shut-off valve should be placed in such a position 
that pockets for the accumulation of condensation will be avoided. 
Fig. 66 shows a good position for the valve. 

The return connection is made through the blow-off pipe and 
should be arranged so that the boiler can be blown off without 
di'aining the returns. A check valve should be placed in the 
main return and a plug cock in the blow-off pi2)e. Fig. 67 shows 
in plan a good arrangement for these connections. 

Blow-Off Tanlc. Where the blow-off pipe connects with a 
sewer some means must be provided for cooling the water or the 
expansion and contraction caused by the hot water flowing 
through the drain pipes will start the joints and cause leaks. For 
this reason it is customary to pass the water through a blow-off 
tank. A form of wrought iron tank is shown in Fig. 68. It 
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consists of a receiver supported on cast-iron cradles. The tank 
ordinarily stands nearly full of cold water. 

The pipe from the boiler enters above the water line, and the 
sewer connection leads from near the bottom' as shown. A vapor 
pi[)e is carried from the top of the tank above the roof of the 
building. When water from the boiler is blown into the tank 
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Fig. 67. 

cold water from the bottom flows into the sewer and the steam is 
carried off through the vapor pipe. The equalizing pipe is to 
prevent any siphon action which might draw the water out of the 
tank after a flow was once started. As only a part of the water 
is blown out of a boiler at one time the blow-off tank can be of a 
comparatively small size. A tank 24" X 48" should be large 
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Fig. 68. 

enough for boilers up to 48 inches in diameter and one 36'^ 
X 72" should care for a boiler 72 inches in diameter. If smaller 
quantities of water are blown off at a time smaller tanks can be 
used. The size^ given above are sufficient for batteries of 2 or 
more boilers, as one boiler can be blown off and the water allowed 
to cool before a second one is blown off. Cast iron tanks are 
often used in place of wrought iron and these may be sunken io 
the ground if desired. 
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HEATING AND VENTILATION. 

PART II. 



INDrRECT STEAM HEATING. 

Types of Heaters. Various forms of indirect radiators have 
been shown in Figs," 8, 9, 14 and-15 of Part I. A hot-water radiator 
may be used for steam but a steam radiator cannot always be used 
for hot water as it must be especially designed to produce a con- 
tinuous flow of water through it from top to bottom. Figs. 1 and 



Pig. 1. 

2 show the outside and the interior constnnrtion of a ■ 

pattern of indirect radiutor designed especially for steam. The 

arrows in Fig. 2 indicate the path of the steam tlirough tlie 



Fig. 2. 

radiator which is supplied at the right while the return connection 
is at the left . The air valve in this case should be connected in 
the end of the last section in the return. 

A very efficient form of radiator and one that is especially 
adapted to the warming of large volumes of air as in schoolhouse 
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work, ia shown in Fig. 3, and is known as tlie "School pin" 
radiator. This can be used for either st«ani or hot wat«r as t)iere 
is a, continuons passage downward from the euiiply connection at 
llie top to the return at the bottom. These sections or slalra are 
made up in stacks after the manner shown in Fig. 4 which repre- 
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senbs an end view of several sections connected together with 
Bpeeiiil nipples. 

A veiy efficient form of indii'ect heater may be made np of 
wrouglit iron pi^w joined together with branch tees and return 
bends. A heater like that 
shown in Fig. 5 ia known as a 
"box coil." Its efficiency is 
increased if the pipes are 
"staggered," that ia, if the 
pipes in alternate rows are 
[jlaced over the spaces between 
tliose in the row below. 

Stacks and Casings. It 
has already been stated that a 
group of Kcctions connected to- 
gether is called a stack, and ex- Fig- *■ 
amples of these with their casings ai-e shown in Figs. G and 7 of 
Part I. The casings are usually made of galvanized iron and are 
made uj* in sections by means of small bolts so that they may he 
taken apart in csise it is necessary to make repairs. Lai-ge stacks 
are often enclosed in brickwork ; the sides consisting of 8-inch walls 
and the top being covered over with a layer of brick and mortal 
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rfuppoi-ted on light wrought iron tee bare. Where a single stack 
supplies several flues or registers the connections between these 
itnd tlie warm-air chamlter are made in the same manner as already 
described for furnace heating. When galvanized iron casings are 
use<l the heater is supported by hangers from tlie floor above. 
Fig- 6 sliowB the method of hanging a heater from a wooden 
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floor. If tlie floor is of fireproof construction the hangers may 
pass up through tlie brickwork and the ends be provided with nuta 
!ind large wasliers or plates ; or they can be clamped to the iron 
Warns which can-y the floor. Where brick casings are used, the 
heatei's are supported 
npon pieces of pipe or 
light I-beams built into 
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the Widls. 

Dampers. Tlie 

general arrangement of 
a galvanized iron rasing 
and mixing damper is 
shown in Fig. T. The cold-air duct is brought along the 
biiaement ceiling from the" inlet window and connects witli 
the cold-air chamber beneatli the lienter. Tlie entering air 
pas.ses up l)etween the sections and rises through the register 
al>ove, as shown by tlie arrows. When the mixing damper is 
in. its lowest position all air reaching the register must pass 
through tlie heater, but if the damper is raised to the position 
shown, part of tlie air will pa.ss by witliout going through the 
heater and tlie mixture entering through the register will be at a 
lower temperature than before. liy changing the position of the 
damper the proportions of warm and cold air delivei-ed to the 
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room can be varied, thus regulating the temperature without 
diminishing, to any great extent, the quantity of air delivered. 
The objection to this form of damper is that there is a tendency 
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Fig. 7. 



for the air to enter the room before it is thoroughly mixed, that 
is, a stream of warm air will rise through one half of the register 
while cold air enters through the other. This is especially true if 




Fig. 8. 



the connection between the damper and register is short . Fig. 8 
shows a similar heater and mixing damper, with l)rick casing. 
Cold air is admitted to the large chamber below the heater and 
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rises through the sections to the register as before. The action ot 
the mixing damper is the same as already described,. Several 
flues or registers may be connected with a stack of this form, each 
connection having its own mixing damper. 

The arrangement shown in Fig. 9 is somewhat different and 
overcomes the objection noted in connection with Fig. T by sub- 




Fi<?. 0. 

stituting another. The mixing damper in this case is placed at 
the other end of the heater. When it is in its highest position 
all of the air must pass through the heater before reaching the 
register, but when partially lowered a part of the air passes ovei 
the heater and the result is a mixture of cold and warm air, in 
proportions depending upon the position of the damper. As the 
layer of warm air in this case is below the cold air, it tends to rise 
through it, and a more thorough mixture is obtained than is pos^ 
sible with the damper shown in Fig. 8. One quite serious 
objection however to this fonn of 
damper is illustrated in Fig. 10. 
When the* damper is nearly closed 
so that the greater part of the air Fig. io. 

enters above the heater, it has a tendency to fall between the 
sections, as shown by the arrows, and becoming heated rises again, 
so that it is impossible to deliver air to a room below a certain 
temperature. This peculiar action increases as the quantity of air 
admitted below the heater is diminished. When the inlet register 
is placed in the wall at some distance above the floor, as in 
schoolhouse work, a thorough mixture of air can be obtained by 
placing the heater so that the current of warm air will pabs up the 
front of the flue and be discharged into the room through the 
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lower part of the register. This is shown quite clearly in. Fig. 11 
where the current of warm air is represented by crooked arrows 
and the cold air by straight arrows. The two currents pass up 
the flue separately, but as soon as they are discharged through the 
register the warm air tends to rise, and the cold air to fall, with 
the result of a more or less complete mixture as shown. 

It is often desirable to wai-m a room at times when ventilation 








Fig. 11. 

is not necessary, as in the case of living rooms during the night, 
or for quick warming in the morning. A register and damper for 
air rotation should be provided in this case. Fig. 12 shows an 
aiTangement for this purpase. When the damper is in the position 
shown, air will be taken from the room above and be warmed over 
and over, but by raising the damper, the supply will be taken 
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from outside. Special care should be taken to make all mixing 
dampers tight against air leakage, else their advantages will be 
lost. They should work easily and close tightly against flangen 
covered with felt. They may be operated from the rooms above 
by means of chains passing over guide pulleys; special attach* 
ments should be provided for holding in any desired position. 

Siase of Heaters. The efficiency of an indirect heater depends 
upon its form, the difference in temperature between the steam 
and the sun-ounding air, and the velocity with which the air 
passes over the heater. Under ordinary conditions in dwelling- 
house work, a good form of indirect radiator will give off about 
2 B. T. U. per square foot per hour for each degree difference in 
temperature. Assuming a steam pressure of 2 pounds and an 
outside temperature of zero we should have a difference in tem- 
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perature of about 220 degrees, which under the conditions stated 
would give an efficiency of 220 X 2 = 440 B. T. U. per hour for 
each square foot of radiation. By making a similar computation 
for 10 degrees below zero we find the efficiency to be 460, In 
the same manner we may calculate the efficiency for varying con- 
ditions of steam pressure and outside temperature. In the case 
of schoolhouses and similar buildings where large volumes of air 
' are wanned to a moderate temperature, a somewhat higher efficiency 
is obtained. due to the increased velocity of the air over the heaters. 
Where efficiencies of 440 and 460 are used for dwellings, we may 
substitute 600 and 620 for school-houses. This coiTesponds 
approximately to 2.7 B. T. U. per sqilare foot per hour for a differ- 
ence of 1 degree between the air and steam. 

The principles involved in indirect steam heating are similar 
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to those already described in furnace heating. Part of the heat 
given off by the radiator must be used in warming up the air 
supply to the temperature of the room, and part for offsetting the 
loss by conduction through walls and windows. The method of 
computing the heating surface required, depends upon the volume 
of air to be supplied to the room. In the case of a schoolroom or 
ball, where the air quantity is large as compared with the ex- 
p )sed wall and window surface we should proceed as follows: 

First compute the B. T. U. required for loss by conduction 
tlirough walls and windows, and to this add the B. T. U. required 
for the necessary ventilation, and divide the sum by the efficiency 
of the radiatoi-s. An example will make this clear. 

How many square feet of indirect radiation will be required 
to warm and ventilate a 8chooli*oom in zero weather, where the 
heat loss by conduction through walls and windows is 36000 
B. T. U. and the air supply is 100,000 cubic feet per hour? By 
the methods given under '^ Heat for Ventilation " we have 

100,000 X 70 ^ ^27.272 = 
66 
B. T. U. required for ventilation. 

36,000 + 127,272 = 163,272 B. T. U. = the total heat re- 
quired, and this in turn divided by 600 (the efficiency of indirect 
mdiators under these conditions) gives 272 square feet of surface 
required. 

In the case of a dwelling-house the conditions are somewhat 
changed,, for a room having a comparatively large exposure will 
perhaps have only 2 or 3 occupants, so that if the small air quan- 
tity necessary in this case was used to convey the required amount 
of heat to the room, it would have to be raised to an excessively 
high temperature. It has been found by experience that the 
radiating surface necessary for indirect lieating is about 50 per 
cent greater than that required for direct heating. So for this 
work we may compute the surface required for direct i^diation 
and multiply the result by 1.6. 

Buildings like hospitals are in a class between dwellings and 
school houses. The air supply is based on the number of occu- 
pants, as in schools, but other conditions conform more nearly to 
dwelling houses. 
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To obtain the radiating surface for buildings of tliis class, we 
compute the total heat required for warming and ventilation as in 
the case of schoolhouses, and divide this sum by the efficiencies 
given for dwellings, that is 440 for zero weather and 460 for 10 
degrees below. 

Example. A hospital ward requires 60,000 cubic feet of air 
per hour for ventilation, and the heat loss by conduction through 
walls, etc. is 100,000 B. T. U. per hour. How many square feet 
of indirect radiation will be required to warm the ward in zero 
weather. 

(60,000 X 70) -^ 55 =z 63,636 B. T. U. for ventilation : then, 

63,636 + 100,000 ^ 3^3 ^^^^^ 

440 ^ ^ 

Example. — A school room having 40 pupils iu to be warmed 
and ventilated when it is 10 degrees below zero. If the heat loss 
by conduction is 30,000 B. T. U. per hour and the air supply is to 
be 40 cubic feet per minute per pupil, how many square feet of 
indirect radiation will be required ? 

B. T. U. required for ventilation per hour 

= (40 X 40 X 60 X 80r) 4- 56 = 139,636. 

Total B. T. U. required = 139,636 + 30,000 == 169,636. . 

Surface required = 169,636 -f- 620 = 273 square feet! 

Example. — The heat loss from a sitting room is 11,260 
B. T. U. per hour in zero weather. How many square feet of 
indirect radiation will be required to warm it ? 

From Part I, page 56, we have 11250 -f- 225 = 50 square 
feet; here, then, we need 50 X 1.6 = 75 square feet. 

Warm-Air Flues* The required size of the warm-air flue 
between the heater and the register, depends first upon the differ- 
ence in temperature between the air in the flue and that of the 
room, and second, upon the height of the flue. In dwellings, 
hospitals, etc., where the conditions are practically constant, it is 
customary to allow 2 square inches area for each square foot of 
radiation when the room is on the first floor, aad 1^ square inches 
when it is on the second floor. 

In schoolhouse work it is more usual to calculate the size of 
flue from an assumed velocity of air flow through it. This will vary 
greatly according to the outside temperature and the prevailing 
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wind conditions. The following figures may be takeu as average 
velocities obtained in practice, and may be used Jis a basis for cal- 
culating the required flue areas for the different stories of a school 
building. 

1st floor 280 feet per minute. 
2nd " 340 " ^' " 
3rd •' 400 " " '* 

ThiBse velocities will be increased somewhat in windy weather 
and will be reduced when the atmosphere is damp. 

Having assumed these velocities, and knowing the number of 
cubic feet of air to be delivered to the room per minute, we have 
only to divide this quantity by the assumed velocity, to obtain the 
required flue area in square feet. 

Example — A schoolroom on the second floor is to have an 
air supply of 2,000 cubic feet per minute; what will be the 
required flue area? 

2000 -^ 340 = 5.8 + sq. feet Ans. 
The velocities would be higher in the coldest weather and dampers 
should be placed in the flues for throttling the air supply when 
necessary. 

Cold-Air Ducts. The cold-air ducts supplying ]ieatei*s should 
be planned in a similar mariner to that described for furnace heat- 
ing. The air inlet should be on the north or west side of the 
buikUng, but this of course is not always possible. The method 
of having a large trunk line or duct with inlets on two or more 
sides of the building should be carried out when possible. A cold* 
air room with large inlet windows, and ducts connecting with the 
heaters make a good arrangement for schoolhouse work. The 
inlet windows in this case should be provided with check valves 
to prevent any outward flow of air. A detail of this arrangement 
is shown in Fig. 13. 

This consists of a boxing around the window, extending from 
the floor to the ceiling. The front is sloped as shown and is 
closed from the ceiling to a point below the bottom of the window. 
The remainder is open and covered with a wire netting of about 
J inch mesh; to this are fastened flaps or checks of gossamer 
cloth about 6 inches in width. These are hemmed on both edges 
and a stout wire is run through the upper hem' which is fastened 
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to the netting by means of small copper or soft iron wire. The 
checks allow the air to flow inward but close when there is any 
tendency for the current to reverse. 

The are* of the cold-air duct for any heater should be about 
three-fourths the total area of the warm air ducte leading from it. 

A common rule for dwelling houses and similar work is to 
allow 1| square inches of area for each square foot of radiating 
surface. The inlet windows should be provided with some form 
of tlamper or slide, 
outside of which 
should be placed a 
wire grating, backed 
by a netting of about 
J inch mesh. 

Vent Flues. In 
dwelling houses vent 
flues are often omitted 
and the frequent open- 
ing of doors and leak- 
age are depended 
upon to carry away 
tlie impure air. A 
well designed system 

of wanning should ^ jg 

provide some meany 

for discharge ventilation, especially for bath and toilet rooms, and 
also f Jr liviiig rooms whei-e lights are burned in the evening. 
The 8:its of flues may be made the reverse of the warm-air flues, 
that is, 1^ square inches area per square foot of indirect ra<lia- . 
tion for rooms on the first floor and 2 square inches for tliose 
on the second. This is because the velocity of flow will de- 
pend upon the height of flue and will therefore be greater from 
the first floor. The flues should be joined togetlier Jn the attic 
and then carried through the roof where a ventilating hood should 
be provided, especially designed to keep out the rain and snow. A 
good form is shown in Fig. 14. 

Very good results may be obtained by simply letting the flues 
open into an unflnlshed attic and depending upon leakage through 
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the roof to carry away the foul air. The flow of air through the 
vents will be slow at best unless some means is provided for warm- 
ing the air in the flue to a temperature above that of the room with 
which it connects. This may be done by carrying up a loop of 
steam pipe inside of the flue. It should be connected for drain- 
age and air venting as shown in Fig. 15. 

For schoolhouse work we may iissume average velocities 
through the vent flues as follows : 

1st floor 340 feet per min. 
2nd " 280 
3rd " 220 

Where flue sizes are based on these velocities it is well to 
/K ^^^^ jK guard agaihst down drafts by plac- 

y^p^'"^ ^^^^*^^ ^"S ^^ aspirating coil in the flue. 
V^'******^,*,^ _^„^^***'''''y A single row of pipes across the flue 

as shown in Fig. 16 is usually sufli- 
cient for this purpose. The slant 
height of the heater should be about 
twice the depth of the flue so that 
the area between the pipes shall equal 
the free area of the flue. 

Large vent flues of this kind 
should alwaj'S be provided with dam- 
pers for closing at night and for 
regulation during strong winds. 
Sometimes it is desired to move a given quantity of air through 
a flue which is already in place. 

Table I shows what velocities may be obtained through 
flues of different heights for vaiying differences in temperature 
between the outside air and that in the flue. 

Example. — It is desired to discharge 1300 cubic feet of air 
per minute through a flue having an area of 4 square feet and a 
height of 30 feet. If the efficiency of an aspirating coil is 400 
B. T. U. how many square feet of surface will be required to 
move this amount of air when the temperature of the room is 70° 
and the outside temperature is 60° ? 

1300 -~ 4 = 325 feet per minute = velocity through the 
flue. Looking in table I and following along tlie line op|x>- 




Fig. 14. 
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site a 30-foot flue we find that to obtain this velocity there must 
be a difference of 30 degrees between the air in the flue and the 
external air. If the outside temperature is 60 degrees then the 
air in the flue must be raised to 60 + 30 = 90 degrees. The air 

TABLE I. 



Height of 

Fine in 

Feet. 


Exoess of Temperature of Air in Flae above that of External Air. 


5** 


10^ 


15^ 


20^ 


30° 


50° 


5 
10 
15 

20 
25 
30 
35 
40 
45 
50 
60 


55 
77 
94 
108 
121 
133 
143 
153 
162 
171 
188 


76 
108 
133 
153 
171 
188 
203 
217 
230 
242 
264 


94 
133 
162 
188 
210 
230 
248 
265 
282 
297 
325 


109 
153 
188 
217 
242 
265 
286 
306 
325 
342 
373 


134 
188 
230 
265 
297 
325 
351 
375 
398 
419 
461 


167 
242 
297 
342 
383 
419 
453 
484 
514 
541 
594 



of the room being at 70 degrees, a rise of 20 degrees is necessaiy, 
so the problem resolves itself into the following — What amount 
of heating surface, having an emciency of 400 B. T. U. is necea- 




STEAM 



Fig. 16. 

sary tx> raise 1300 cubic feet of air per minute through 20 degrees ? 
1300 cubic feet per minute = 1300 X 60 = 78,000 per hour, 
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and making use af our formula for "heat for ventilation," we 
have 

78,000 X 20 _ i,, „„„ B -^ ,T , 
55 
and thifl divided by 400 = 71 square feet of heating surface 
required. 
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Example., — What size of lieatcr will he required in a vent 
flue 40 feet liigh and with an area of 5 square feet, to enable it to 
dischai^ 1530 cubic feet per minate, when the oiiteide tempera- 
ture is 60"? (Assume a heater efficiency of 400 B. T. U.) 

Velocity ill flue = 1530 4- '5 = 306 feet per miftute. 

Temperature esqess, from Tsible I, =: 20 degrees. 

B.T.U. required per hour = 1530 X 60 X 10 4-55^16690 
requiring 16690 -^ 400 = 41,7 square feet of heater. 

Registers, Regist*?i« are made of cast iron and bronze, in a 
great varietj' of sizes and patterns. The universal finish for cast 
iron is black " Japan " ; they ai'e also finished in colors and electi-o- 
plated with copper and nickel. Fig. 17 shows a section through 
a floor register in which " A " represents the valves, which may be 
turned in a vertical or horizontal position, thus opening or closing 
the register j " H " is the iron boi-der, " C " the register box of tin 
or galvanized iron and "D" the warm-air pipe. Floor registers 
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are usually set in cast iron borders, one of which is shown In Fig. 
18, while wall registers may be screwed directly to wooden borders 
- or frames to correspond with the finish of the room. Wall regis- 
ters should be provided with pull cords for opening and closing 
from the floor ; these are shown g g 

in Fig. 19. The plain lattice 
pattern shown in Fig. 20 is the 
best for schoolliouse work as it 
has a comparatively free open- 
ing for air flow and is pleasing 
and simple in design. More 
elaborate patterns are used for 
fine dwelling-house woik. Registers with shutK>tF valves are 
used for air inlets while the pbiin register faces without the valves 
are placed in the vent openings. The vent flues are usually 
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Fig. 18. 
gathered together in the attic and a single damper may be used to 
shut off the whole number at once. Flat or round wire gratings 
of open pattern are often used in place of register faces. The 
grill or solid part of a register face usually takes iipabout ^ of the 
area, hence in computing the size wt; must allow fortius by multiply- 
ing the required "net area" by 1.5 to obtain the "total" or 
"over all " area. 

For example, suppose we have a flue 10 inches in width aod 
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wlah to use a register having a free area of 200 squai-e indies, 
whatwiltbe the required lieight of the register? 200 X l-» = 300 
square inches which is the total area required, then 300 4- 10 = 30, 
which is the required height and we should use a 10" X 30" 
register. When i\ register is spoken of as a 10" X 30' or 
10" X 20', etc. tlie dimensions of the latticed opening is meant, 
and not the outside dimensions of the whole register. The free- 
0[>ening should have tlie same area as the flue witli whic^h It 
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Fig. 10. Fig. 20. 

connects. In designing new work one should provide himself 
with a trade catalogue, and use only standard sizes as special 
patterns and sizes are costly. Fig. 21 shows the method of 
placing gossamer ctieck valves back of the vent register faces 
to prevent down drafts, tlie same as descrilwd for fresh-nir inlets. 
Pipe Connections. The two-pipe system witli dry.or sealed 
returns is used in indirect heating. The conditions to be met are 
practically the same aa in direct heating, the only difference being 
tliat the i-adiatora are at the basement ceiling instead of on the 
floora above. Tlie exact method of making the pipe connec- 
tions will dejiend somewliat upon existing conditions, but tlie 
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general method shown in Fig. 22 may be used as a guide with 
modi 6cati oils to suit any special case. The ends of all supply 
mains should be dripped, and the horizontal returns should be 
sealed if possible. 

Pipe Sizes. The tables }ilrea<ly given for tlie proportioning 
ot pipe sizes can be used for indirect systems. The following 
tjible has been computed for an eflSciency of 640 B. T. U. per 
square foot of surface {)er hour, which coiTesponds to a condeusiv- 



\M€R 
CKS 



Fig. 31. 
tion of f of a pound of steam. This is twice that allowed foi 
dirttct radiation in table XIIL of Part I., so that we can consider 
1 square foot of indirect surface as equal to 2 of direct in com- 
puting pipe sizes. 

As the indirect heaters are placetl in the basement, care must 
be taken that the bottom of the radiator does not come too near 
the water line of the boiler, or the condeDsation will not flow back 
properly ; this distance should not be less than 2 feet under 
onlinaxy conditions. If much less than this, tlie pipes should be 
made extra large so there may be little or no drop in pressure 
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between the boiler and the heater. A drop in pressure of 1 pound 
would raise the water line at the heater 2.4 feet. 

■ 

. Direct-Indirect Heating. The general form of a direcir 
indirect radiator has been shown in Figs. 10 and 11 of Part L 
Another form where the air is admitted to the radiator through the 
wall instead of the floor is shown in Fig. 28. Fig. 24 shows the wall 
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Fig. 22. 

box with louvre slats, and netting, through which the air is drawn, 
A damper door is placed at either end of the mdiator base, and if 
desired, when the cold air supply is shut off by means of the 
register in the air duct, the radiator can be converted into the 
ordinary type by opening both damper doors, thus taking the air 
from the room instead of from the outside. It is customary to 
increase the size of a direct-indirect radiator 30* per cent, above 
that called for in the case of direct heating. 
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TABLE II. 



Site of 


Square Feet of Indirect Radiation which will be Supplied with 


Pipe. 


• 


f 




1 Pound Drop in 200 Feet. 


1 Pound Drop In 100 Peei.' 


i Pound Drop In 100 Feet. 


1 


28 


40 


57 


11 


51 


72 


105 


67 


95 


170 


2 


185 


262 


875 


H 


336 


475 


675 


3 


540 


775 


1105 


H 


812 


1160 


1645 


4 


1140 


1625 


2310 


5 


2030 


2900 


4110 


6 


3260 


4660 


6600 


7 


4830 


6900 


98ia 


8 


6800 


9720 

• 


13860 



CARE AND ilANAQEMBNT OP STEAM HEATING BOILERS. 

Special directions are usually supplied by the maker for each 
kind of boiler, or for those which are to be managed in any 
peculiar way. The following general directions apply to all 
makes, and may be used regardless of the type of boiler em- 
ployed. 

Before starting the fire see that the boiler contains sufficient 
water. The water line should be at about the center of the 
gage glass. 

The smoke pipe and chimney flue should be clean and the 
di*aft good. 

Build the fire in the usual way, using a quality of coal 
which is best adapted to the heater. In operating the fire keep 
the fire-pot full of coal and shake down and remove all ashes and 
cinders ns oft^n as the state of the fire requires it. 

/Hot ashes or cinders must not be allowed to remain in the 
ash pit under the grate bars but must be removed at regular in- 
tervals to prevent burning out the grate. 

To control the fire see that the damper regulator is properly 
attached to the draft doors, and the damper ; then regulate the 
drift by weighting the automatic lever as may be required to 
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obtain tlie necessary steam pressure for warming. Should thd 

water in the boiler escape by means of a broken gage glass, or 

from any other cause, the fire should be dumped, and £he boiler 

allowed to cool before adding cold water. 

An empty boiler should never be filled when hot. If the 

water gets low at any time, but still shows in the gage glasF!, 
more water should be abided 
by the means provided for this 
purjjose. 

The safety valve should be 
lifted occasionally to see that 
it is in working oi-der. 

If the boiler is used in 
connection with a gravity system 
it should be cleaned each year 
by filling with pure water and 
emptying through the blow-off. 
If it should become foul or 
dirty it can be thoroughly 
cleansed by adding a few 
pounds of caustic soda and 
allowing it to stand for a day 
and then emptying and thor- 
oughly rinsing. 
„, During the summer months 

it is recommended that the 

water be drawn off from the system, and that air valves and 

safety valves be opened to permit the heater to dry out and to 

remain so. 

Good results are however obtained by filling the heater full 

of water, driving off the air by boiling slowly, and allowing it 

to remain in this condition until needed in the fall. The water 

should then be drawn off and fresli water added. 

The heating surface of the boiler should be kept clean and 

free from ashes and soot by means of a brush made especially for 

til is purpose. 

Should any of the rooms fail to heat, examine the steam 

valves at the radiators. If a two-pipe system both valves at 
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each radiator must be opened or closed at the same time as re- 
quired. See that the air valves are in working condition. 

If the building is to be unoccupied in cold weather draw 
all the water out of the sj^tem by opening t)ie blow-off pipe at 
the boiler and all steam and air valves at the radiators. 
HOT WATER HEATERS, 
Types. Hot water heaters differ from steam boilers principally 
ill the omission of the reservoir or space for steam above the heat- 
ing surface. The steam boiler might answer as a heater for hot 
water, but the large capacity left for the steam would tend to 
make its operation slow and rather unsatisfactory, although the 



Fig. 24. 

same type of boiler is sometimes used for both steam and hot 
water. The passages in a hot water heater need not extend so 
directly from bottom to top as in a steam boiler, since the problem 
of providing for the free liberation of the steam bubbles does not 
have to be considered. In general, the heat from the furnace 
should strike the surfaces in such a manner as to increase the 
natural circulation ; this may be accomplished to a certain extent 
by arranging the heating surface so that a large proportion of the 
direct heat will be absorbed near the top of tlie heater. Pi'acti- 
caliy the boilers for low-pressure steam and for hot water differ 
from each otlier very little as to the character of the heating-sur- 
face, so that the methods already given for computing the size of 
grate surface, horsepower, etc., under the head of steam boilers 
can be used with satisfactory results in the case of hot water 
heaters. It is sometimes stated that owing to the greater differ- 
ence in temperature between the furnace gases and tlie water in a 
hot water heater, as compared with steam, that the heating sur- 
face will be more el^cient and that a smaller heater can be used; 
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while tliis is true to a certain extent different authorities agree 
that this advantage is so small that no account sliould be taken of 
it, and the general proportions of the heater should be calculated 
in the same manner as for steam. Fig. 25 shows a form of hot- 
water heater made up of slabs or sections similar to the sectional 
steam boiler shown in Part I ; the size can be increased in the 
same way by adding more slabs. A different form is shown in 
Fig. 26. This is made of cast iron but is not a sectional boiler. 



Fig. 25. 

It has no horizontal flues for the ashes and soot to collect in and 
a greater part of the heating suifact' is directly exposed to the 
hottest part of the fiie. Fig. 27 shows another form of heater 
similar in principle to the one just described. The space between 
the outer and inner shells surrounding the furnace is filled wi^ 
water and also the cross pipea directly over the fire and the drum 
at the top. The supply to the raJiatoi-s is taken off from the top 
oi the heater and the return connects at the lowest point. 

The ordinary horizontal and vertical tubular boilers with 
various modifications are used to quite an extent for hot water 
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heating and are well adapted to this class of work, especially in 
the case of large buildings. 

Automatic regulators are often used for the purpose of main' 



fig. 26. 

taintng a constant temperature of the water. They are constructed 
in different ways — some depend upon the expansion of a metal 
pipe or rod at different temperatures, and otlieni upon tlie vupop' 
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ization and consequent pressure of certain volatile liquids. These 
means are usually employed to open small valves which admit 
water pressure under rubber diaphragms, and these in turn are 
connected by means of chains with the draft doors of the furnace, 
and so regulate the draft as required to maintain an even temper- 
ature of the water in the heater. Fig. 28 shows one of the first 
kind. " A" is a metal rod placed in the flow pipe from the heater, 
and is so connected with the valve "B" that when the water 
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reaches a certain temperature the expansion of the rod opens the 
valve and admits water from the street pressure through the pipes 
" C " and " D " into the chamber " E." The bottom of " E " consists 
of a rubber diaphragm which is foroed down by the water pressure 
and carries with it the lever whicli operates the dampers as 
shown, and checks the fire. When the temperature of tlie water 
drops, the rod contracts and valve "B" closes, shutting off the 
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pressure from the chamber " E." A spring is provided to throw 
the lever back to its original position and the wi:\ter abov^ the 
diaphragm is forced out through the pet cock "G" which is kept 
slightly open all of the time. 

DIRECT HOT WATER HEATING. 

A hot water system is similar in construction and operation 
to one designed for steam, except the hot water flows through the 
pipes, giving up its heat by conduction to the coils and radiators, 
which in turn trsinsfer it to the air of the room by conduction 
and radiation. 

The flow through the system is produced solely by the 
difference in weight of the 
water in the supply and 
i-eturn pipes, due to the 
difference in tempemture. 
When water is heated it 
expands, and thus a given 
volume becomes lighter 
and tends to rise, and the 
cooler water flows in to 
take its place ; if the appli- 
cation of heat is kept up 
the circulation thus pro- 
duced is continuous. The 
velocity of flow depends 
upon the difference in 
temperature between the 
supply and return, and 
the height of radiat^or 
above the boiler. The 
horizontal distance of 
the radiator from the boiler is also an important factor. 

Types of Radiatins^ Surface. Cast iron radiators and circu- 
lation coils are used for hot water as well as for steam. Hot 
water radiators differ from steam radiatora principally in having 
a horizontal passage at the top as well as at the bottom. This 
construction is necessary in order to draw off the air which 
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gathers at the top of each loop or section. Otherwise they are 

the same as steam radiators, and are well adapted for the circu- 

lation of stfiam, and in some 

respects are superior to the 

ordinary pattern. 

The form shown in Fig. 
29 is made with an opening 
at the top for the entrance 
of water and at the bottom 
for its dischai^e, thus insur- 
ing a supply of hot water at 
tlie top and of colder water 
at the bottom, 
j^ Some hot water radiators 

are made witli a cross-partition 
so arranged that all water entering paases at once to the top, from 
which it may take any passage towiiid the outlet. Fig. 30 is tlie 
more common form of mdiator, and is made with continuous 



Fig. 30. 

passages at top and holtom ; the hot water is supplied at on« 
side and di-awn off at the otiier. The action of gravity ia de- 
pended upon for making the hot and lighter water pass to the 
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top, and the colder water sink to the bottom and flow off through 
the return. Hot water radiators are usually tapped and plugged 
80 that the pipe connections can be made either at the top or at 
the bottom. This is shown in Fig. 31. 

Efficiency ol Radiators. The efficiency of a hot water radia 
tor depends entirely upon the tempei'ature at 
which the water is circulated. The best practical 
results are obtained with the water leaving the 
boiler at a maximum temperature of about 180 
degrees in zero weather and returning at about 
IGO degrees ; this gives an average temperature of 
170 in the radiators. Variations may be made 
however to suit the existing conditions of outside 
temperature. We have seen that an average cast 
iron radiator gives off about 1.5 B. T. U. per hour 
per square foot of surface per degree difference in 
temperature between the surrounding air and the 
radiator, when working under ordinary conditions, 
and this holds true whether filled with steam or 
water. 

If we assume an average temperature of 170 
degrees for the radiators then the difference will be 170 — 70 ==: 
100 degrees, and this multiplied by 1.5 = 150 which may be 
taken as the efficiency of a hot water radiator under the above 
conditions, which represent good average practice. 

This calls for a water radiator about 1.5 times as large as a 
steam radiator to heat a given room under the same conditions. 
This is common practice although some engineers multiply by the 
factor 1.6 which allows for a lower temperature of the water. 
Water leaving the boiler at 170 degrees should return at about 
150; the drop in temperature should not ordinarily exceed 20 
degrees. 

System of Pipins^. A system of hot water heating should 
produce a perfect circulation of water from the heater to the radiat- 
ing surface, and thence back to the heater througli the loturns. 
The system of piping usually employed for hot water heating is 
shown in Fig. 82. In this arrangement the main and branches 
have an inclination upward from the heater; the returns are 
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parallel to the mains and- have an inclination dotrnwai-d ton'ard 
the heater, and connect with it at the lowest point. The flow 
pipes or risera are taken from the tops of the mains and may 
supply one or more radiators as required. The return risem ot 
drops ave connected with the return mains in a similar manner. 
In tliis system great care must be taken to produce a nearly equal 
resistance to flow in all of the branches so that each radiator may 
receive its full supply of water. It will always be found that tiie 
principal current of heated water will take the path of leiist resis- 
tance, and that a small obatniction or irregularity in tlie piping is 




Pig 32 



sufficient to interfere greatly with the amount ot heat leceived in 
the different parts of- the same system. 

Expansion Tank- Every system for hot water heating 
should be connected with an expansion tank placed at a point 
somewhat above the highest radiator. The tank must in every 
case be connected to a line of piping which cannot by any possible 
means be shut off from the boiler. When water is heated, it 
expands a certain amount, depending upon the temperature to 
which it is raised and a tink or reservoir should always be pro- 
vided to care for this increase in volume. 

Expansion tanks are usually made of heavy galvanized iron 
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of one of the forms shown in Figs. 83 and 84, the latter being 
used where the head room is limited* The connection from, the 
heating system enters the bot- 



tom of the tank and an open 
vent pipe is taken from the top. 
An overflow connected with a 
sink or drain pipe should be 
provided. Connections should 
be made with the water supply 
both at the boiler and at the 
expansion tank, the former to 
be used when first filling the 
system, as by this means all air 
is driven from the bottom up- 
ward and is discharged through 
the vent at the expansion tank. 
Water that is added afterward 
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Fig. 83. 



may be supplied directly to the expansion tank where the water 
line can be noted in the gage glass. A ball cock is of ten arranged 
to keep the water line in the tank at a constant level. 
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The size of the expansion tank depends upon the volume of 
water contained in the system, and the temperature to which it is 
heated. The following rule for computing the capacity of the 
tank may be used with satisfactory results. 

The square feet of radiation divided by 40 equals the required 
capacity of the tank in gallons. 
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Overhead Distribution. This system of piping is shown in 
Fig. 35. A single riser is carried directly to the expansion tank, 
from which bi-anches are taken to supply the various drops to 
which the radiators are connected. An important advantage in 
connection with this system is that the air rises at once to the 
expansion tank and escapes through the vent, so that air valves 
are not required on the radiators. 
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Fig. 35. 

Pipe Connections. There are various methods of connect- 
ing the radiators with the mains and risers. Fig. 86 shows a 
radiator connected with the horizontal flow and return mains 
which are located below the floor. The manner of connecting 
with a vertical riser and return drop is shown in Fig. 87, As the 
water tends to flow to the highest point, the radiators on the lower 
floors should be favored by making the connection at the top of 
the riser and taking the pipe for the upper floors from the side as 
shown. Fig. 38 illustrates the manner of connecting with a 
radiator on an upper floor where the supply is connected at the 
top of the radiator. 
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The connections shown in Figs. Sd and 40 are nsed with the 
overhead ajratem shown in Fig. S5. 

Where the connection is of the form shown at the left in 
Fig. 85, the cooler water from the i-adiators is discharged into the 
snpply pipe again so that the water furnished to the radiatoi^s ou 



Pig. 86. Fig. 8T. 

the lower floots is at a lower temperature, and the amount of heat- 
ing surface must be oorrespondingly increased to make up for this 
loss. 

For example. — If in the case of Fig, S3 we assume the 
water to leave the heater at ISO degrees and return at 160 we 
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ehall have a drop in temperature of 10 degrees on each floor, 
that is, the water will enter the radiator on the second flnor at 
180 degrees and leave it at 170 and will enter the radiator on tho 
first floor at 170 and leave it at 160. The average temperatures 
will he 17.5 and 165 respectively. The efficiency in the first 
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case will be 175 — 10 = 105 and 105 X 1.5 = 157. In the second 
case 165—70 = 95 and 95 X 1.5 = 142, so that the radiator on 
the first floor will have to be lai^er than that on the second floor 
in the ratio of 157 to 142, in order to do the same work. 

Whel^3 the radiators dischat^ into a separate return as in 
the case of Fig. 32 or those at the right in Fig. 35, we may as- 
sume the temperature of the water 
to be the same on all floors and give 
the radiatore an equal efficiency. 

In a dwelling house of two 
stories no difference would be made 
in the sizes of radiators on the two 
flooiB, but in the case of a tall oiGce 
building corrections would neces- 
saiily be made as described. 

Where circulation coils are used 
they «hould be of a form which will tend to produce a flow of 
watei through them. Figs. 41, 42 and 43 show different ways oi 
making up and connecting these coils. In Figs. 41 and 43 the 
supply pipes may be either drops or risers, and in the latter 
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case the return in Fig. 43 may be carried back if desired into tlie 
supply drop as shown by the dotted lines. 

Combination Systems. Sometimes the boiler and pir'iog 
arc arranged for either steam or liot water, since the demand for a 
higher or lower temperature of the radiators might change. 

The object of this arrangement is to secure the advantiifflq 
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of a hot water system for moderate temperatures, and of steam 
heating for extremely cold weather. 

As less radiating surface is required for steam heating, there 
Is an advantage due to the reduction in first cost. This is of con- 
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Fig. 42. 

siderable importance, as a heating system must be designed of 
such dimensions as to be capable of warming a building in the 
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coldest weather, and this involves the expenditure of a consider- 
able amount for radiating surfaces, which are needed only at rare 
intervals. A combination system of hot water and steam heating 
requires, first, a heater or boiler which will answer for either pur 
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pose ; second, a system of piping which will permit the circulation 
of eitJier Eteam or hot water ; and third, the use of radiators whicli 
are adapted to both kinds of heating. These requirements will be 
met by using a steam boiler provided with all the fittings required 
for steam heating, but so arranged tliat the damper regulator may 



Pig. 44. Fig. 45, 

be closed by means of valves when the system is to be used for 
hot water heating. The addition of an expansion tank is re- 
cjuii-ed, which must be so arranged that it can be shut off when 
the system is used for steam heating. The system of piping 
shown in Fig. 32 is best adapted 
for a combination system, although 
an overhead distribution as sliowu 
in Fig. 35 may be used, by shut- 
ting off the vent and overflow 
pipes, and placing air valves on 
the radiators. 

While this system has many 
advantages in the way of cost 
over the complete hot water system, yet the labor of changing 
from stesini to hot water will in some cases be troublesome, and 
should the connections to the expansion tank not be opened, 
serious results would follow. 

Valves and Fittlni^S. Gate valves should always be used . 
in connection with hot water piping, although angle valves may 
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be used«at the radiatora. There are several patterns of radiator 
valves made especially for hot water work ; their chief advantage 
lies in a device for quick closing, usually a quarter or half turn 
being sufficient to open or close the valve. Two different designs 
are shown in Figs. 44 and 45. 

It is customary to place a valve in only one connection as 
that is sufficient to stop the flow of water through the radiator; 
a fitting known as a *' union elbow " is often employed in place of 
the second valve. (See Fig. 46.) 

Air Valves. The ordinary pet-cock air valve is the most re- 
liable for hot-water radiators, although there are several forms of 
automatic valves which are claimed 
to give satisfaction. One of these 
is shown in Fig. 47. This is similar 
in construction to a steam trap. As 
air collects in the chamber, and the 
water line is lowered, the float drops, 
and in so doing opens a small valve 
at the top of the chamber which 
allows the air ' to escape. As the 
water flows in to take its place the 
float is forced upward and the valve 
is closed. 

All radiatoi*s which are supplied 
by risers from below should be pro- 
vided with air valves placed in the 
top of the last section at the return end. If they are supplied 
by drops from an overhead system the air will be discharged 
at the expansion tank and air valves will not be necessary at the 
radiators. 

Fittins^s. All fittings, such as elbows, tees, etc., should be of 
the " long turn " pattern. If the common form is used, they 
should be a size larger than the pipe, bushed down to the proper 
size. The long turn fittings, however, are preferable-. 

Pipe Sizes* The size of pipe required to supply any given 
radiator depends upon four conditions ; firBt the size of the radia- 
tor, second its elevation above the boiler, third the length of pipe 
required to connect it with the boiler, and/oi^r^A'the difference in 
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temperature between the supply and return. The following 
illustration will serve to make these points clear. 

If we should take a glass tube of the form shown in Fig. 48, 
fill it with water and hold it in a vertical position, we would notice 
that the water remained perfectly quiet ; now if the flame of a lamp 
were held near the tube A and a few drops of coloring matter were 
poured into the tube, we would find that the water was in motion, 
and the current would be in the direction shown by the arrows. 
While the water in both tubes was at the same temperature, the two 
colunms were of the same weight and remained in equilibrium. If, 
however, the water in column A is heater, it expands and becomes 
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lighter than column B, and is forced upward by the heavier water 
falling toward the bottom of the tube. The heated water flows 
across the top and into B where it takes the place of the cooler 
water which is settling to the bottom. As long as there is a 
difference in the temperature of the two columns this action will 
continue. If now we replace tlie lamp by a furnace, and connect 
the two columns A and B at the top by inserting a radiator, we 
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shall have the same illustration in practical form as utilized in 
hot water heating. (See Fig, 49). 

The heat given off by the radiator always insures a differ- 
ence in temperature between the columns of water in the supply 
and return pipes, so that as long as heat is supplied by the furnace 
the flow of water will continue. The greater the difference in 
temperature of the water in the two pipes, the greater the 
difference in weight, and consequently the faster the flow. The 
greater the height of the radiator above the heater the more rapid 
the flow, for the difference in weight between two columns 1 foot 
high and two columns 10 feet high is ten times as great and if 
there were no friction in the pipes the flow would be directly 
proportional to the elevation of the radiator above tlie heater. 
The quantity of water discharged by a given pipe under constant 
pressure varies inversely as the length of pipe ; that is, if a pipe 
100 feet long will discharge 10 gallons per minute under a given 
pressure, it will discharge only half as many gallons if the length 
is increased to 200 feet, the pressure remaining the same. 

As it would be a long process to work out the required size 
of each pipe for a heating system, the following tables have 
been prepared, covering the usual conditions to be met with in 
practice. 

Table III gives the number of square feet of direct radia- 
tion which different sizes of mains will supply for varying lengths 
of run. 

TABLE III. 
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Square Feet. of Radiating Surface. 






SIm of Pipe. 






















100 ft. 


200 ft. 


aooft. 


400 ft. 


600 ft. 


600 ft. 


700 ft. 


890 ft. 


1000 ft. 




Bun. 


Run 


Run. 


Run. 


Run. 


Run. 


Run. 


Run. 


Run. 


1 


30 


















IX 


60 


60 
















IK 


100 


75 


50 














2 


200 


150 


125 


100 


75 










2>i 


360 


250 


200 


175 


150 


125 








8 


. 550 


400 


300 


275 


250 


225 


200 


175 


150 


3>i 


850 


600 


450 


400 


350 


325 


300 


250 


225 


4 


1200 


850 


700 


600 


525 


475 


450 


400 


850 


5 




1400 


1150 


1000 


700 


850 


775 


725 


650 


6 








1600 


1400 


13U0 


1200 


1150 


1000 


7 














1706 


1600 


1500 
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These quantities have been calculated on a basis of 10 feet 
difference in elevation between the center of the heater and the 
radiators, and a difference in temperature of 1 7 degrees between 
the supply and return. 

This table may be used for all horizontal mains. For the 
vertical risera or drops, tible IV may be used. This has beeii 
computed for the same difference in temperature, and gives the 
square feet of surface which different sizes of pipe will .supply 
on the different floors of a building, assuming the height of the 
stories to be 10 feet. Where a single riser is carried to the top 
of a building to supply the radiators on the floors below, by drop 
pipe.3, we must firat get what is called the " average elevation of 
the system '* before taking its size from the table. This may be 
illustrated by the following diagram, (see Fig. 50). 

In A we have a riser carried to the third stoiy and from there a 
drop brought down to supply a radiator on the first floor. The 
elevation available for producing a flow in the riser is only 10 feet, 
the same as though it extended only to the radiator. The water 
in the two pipes above the radiator is practically at the same 
temperature and therefore in equilibrium, and has no effect on the 
flow of the water in the riser. (Actually tliere would be some 
radiation from the pipes, and the return, above the radiator, would 
be slightly cooler, but for. purposes of illustration this may be 
neglected). If the radiator was on the second floor the elevation 
of the system would be 20 feet (see B), and on the third floor 30 
feet, and so on. The distance which the pipe is carried above the 
first radiator which it supplies has but little effect in producing a 
flow, especially if covered, as it should be in practice. Having 
seen that the flow in the main riser depends upon the elevation of 
the radiators, it is easy to see that the way in which it is distri- 
buted on the different floors must be considered. For example, 
in B, Fig. 50, there will be a more rapid flow through the riser 
with the radiators as shown than there would be if they were 
reversed and the larger one were placed upon the first floor. 

We get the average elevation of the system by multiplying 
the square feet of radiation on each floor by the elevation above 
the heater, than adding these products together and dividing the same 
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by the total radiation in the whole system. In the case sliown 
in B the average elevation of the system would be 

(100 X 30) H- (50 X 20) + (10 X 25) ^ 34 3 + feet, 

100 + 50 4-25 * 

and we must proportion the main riser the same as though the 
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Fig. 50. 



whole radiation were on the second floor. Looking in table IV 
we fiad for the second story that a 1^ inch pipe will supply 140 
square feet and a 2 inch pipe 275. Probably a 1^ inch pipe would 
be sufficient 

• Although the height of the stories varies in different buildings, 
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10 fe«t will be found sufficiently accurate for c 


• 

ordinary piactioe. 






TABLE IV. 




Size of 


Square Feet of Badlatlng Surface. 


Siser. 


l8t Story 


2d story 


8d story 


4th story 


6th story 


«th Story 
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95 


u 


60 


90 


110 
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INDIRECT HOT WATER HEATINQ. 

Types of Heaters. The heatei*s for indirect hot water heat- 
ing are of the same general form as those used for steam. The 
heaters shown in Figs. 9, 1-t and 15 of Part I, 2re common 
patterns. The "drum pin," Fig. 14, is an excellent form, as the 

method of making the 
connections insures a 
uniform distribution of 
water through the stack. 
Fig. 61 shows a sec- 
tion of good form for 
^S- *^l« water circulation, and 

also of good depth, which is a necessary point in the design 
of hot water heaters. They should not be less than 10 or 12 
inches for good results. Box coils of the form given for steam 
may also be used, provided the connections for supply and return 
are made of good size. 

Size of Heaters. As indirect hot water heatei-s are used 
principally in ^^.:. warming of dwelling houses, and in combination 
with direct radiation, the easiest method is to compute the surfaces 
required for direct radiation and multiply these results by 1.5 for 
pin radiatoi-s oi good deptli- ^For {»ther forms the factor should 
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vary from 1.5 to 2, depending upon the depth and proportion of 
free area for air flow between the sections. 

If it is desired to calculate the required surface directly by the 
thermal unit method, we may allow an efficiency of from 360 to 
380 for good types in zero weather. 

Flues and Casings. For cleanliness, as well as for obtaining 
the best results, indirect stacks should be hung at one side of the 
register or flue 'receiving the warm air, and the cold-air duct 
should enter beneath the heater at the other side. A space of 10 
inclies, and preferably 12, should be allowed for. the warm air 
above the stack. The top of the casing should pitch upward 
toward the warm-air outlet at least an inch in its length. A space 
of from 6 to 8 inches should be allowed for cold air below the 
stack. 

As the amount of air warmed per square foot of heating sur* 
face is less than in the case of steam, we may make the flues 
somewhat smaller as compai'ed with the size of heater. The fol- 
lowing proportions may be used under usual conditions: 1| square 
inches per square foot of radiatiou for the first floor, and 1 ^ square 
inches for the second floor, and 1^ square inches for the cold-air 
duct. 

Pipe Connections. In hot water indirect work it is not 
desirable to supply more than 80 to 100 square feet of radiation 
from a single connection. When the requirements call for larger 
stacks they should be divided into two or more groups according 
to the size. • 

The branches supplying the stacks should pitch upward, from 
the boiler to a point directly over the stiick, then drop and make 
connection with the heater at such a point as the special form in 
use requires. An air valve should be placed in the highest point 
of the pipe just before it dix)ps to the heater. The return should 
be taken from the bottom of the stack and carried at a lower 
level back to the boiler or heater. 

Conditions may make it necessary to bring back several 
separate returns to the heater, but it is better practice to use 
one large flow main and a single return of the same size^ branch- 
ing to the different stacks as necessary. 

Pipe Sizes. As the difference in elevation between the 
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stacks and the heater is necessarily small, the pipes should be of 
ample size to offset the slow velocity of flow through them. The 
following sizes for runs up to 1 00 feet will be found ample for 
ordinaiy conditions. Some engineers make a practice of. using 
somewhat smaller pipes, but the larger sizes will in general be 
found more satisfactory. 

TABLE V. 

Size of Pipe. Square feet of Indirect Radiation. 

1 15 

U SO 

60 
100 

2a 200 

8 800 

8) 400 

4 600 

5 1000 

CARE AND MANAGEMENT OF HOT WATER HEATERS. 

The directions given for the care of steam heating boilei*a 
apply in a general way to hot water heaters as to the methods of 
caring for the fires and for cleaning and filling the heater. Only 
the special points of difference need be considered. Before build- 
ing the fire all the pipes and radiators must be full of water and 
the expansion tank should be partially filled as indicated by tlie 
gage glass. Should the water in any of the radiators fail to 
circulate, see that the valves are wide open and that the radiator 
is free from air. Water must always be added at the expansion 
tank when for any reason it is drawn from the system. 

The required temperature of the water will depend upon the 
outside conditions and only enough fire should be carried to keep 
the rooms comfortably warm. Thermometei's should be placed in 
the flow and return pipes near the heater as a guide. Special 
forms are made for this purpose in which the bulb is immersed in 
a bath of oil or mercury. See Fig. 52. 

EXHAUST STEAM HEATING. 

Steam after being used in an engine contains the greater part 
of its heat, and if not condensed' or used for other purposes it can 
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usually be employed for heating without affecting to any great 
extent the power of the engine. 

The systems of steam heating which have been described are 
those in whicli the water of condensation flows back into the 
boiler by gravity; where exhaust steam h used the pressure it 
much below that of the boiler Knd 
it must be returned either by a 
pump or return trap. The exhaust 
steam is often insufficient to BUi>- 
pty the entire, heating system and 
niu3t be supplemented by live 
steajn taken directly from the 
boiler. This must first pass 
through a reducing valve in order 
to reduce the pressure to corres- 
[wnd with that carried in the heat- 
ing system. 

The exhaust steam discharged 
from non-condensing engines con- 
tains from 20 to 30 per cent of 
water, and considerable oil ov 
greasy matter which has been em- 
ployed for lubrication. When the 
engine is exhausting into the air, 
the pressure in the exhaust pipe 
is but slightly above that due to 
the atmosphere. The effect of 
passing' exhaust steam through 
the pipes and radiators of a heat- ^' 

ing system is likely to increase the back pressure on the 
engine and reduce its effective work ; this must be o£foet by rais- 
ing the boiler pressure or increasing the cut-off of the engine. 

An engine does not deliver steam continuously but at regular 
intervals at the end of each sti'oke and the amount is likely to 
vary with the work done since the governor is adjusted to admit 
steam in such a quantity as is required to maintain a uniform 
speed. If the work is light, very little steam will be admitted to 
the engine and for this reason the supply available for heating may 
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vary somewliat depending upon the use made of the power de- 
livered by the engine. In mills the amount of exhaust steam 
is practically constant; in ofiice buildings where power is used for 
lighting, the variation is greater, especially if power is also 
required for the running of elevators. 

The general requirements for a successful system of exhau^jt 
steam heating include a system of piping of such, proportions 
that only a slight increase in back pressure wll be thrown upon 
the engine ; a connection which shall automatically supply live 
steam at a reduced pressure as needed ; provision for removing the 
oil from the exhaust steam; a lelief or back pressure valve 

ReOUCMC xVALVe 




BY-PASS 

Fig. 53. 

arranged to prevent any sudden increase in back pressure on the 
engine, and a return system of some kind for returning the water 
of condensation back to the boiler against a higher pressure. 
These requirements may be met in various ways depending upon 
actual conditions found in different cases. 

To prevent sudden changes in the back pressure due to 
irregular supply of steam, the exhaust pipe from the engine is 
often carried to a closed tank having a capacity from 30 to 40 
times that of the engine cylinder. This tank may be provided 
with baffle plates or other arrangements and serve as a separator 
for removing the oil from the steam as it passes through. 

Any system of piping may be used but great care should be 
taken that as little resisbmce as possible is introduced at bends 
and fittings ; and the mains and branches should be of ample size. 
Usually the best results are obtained from the system in which 
tlie main steam pipe is carried directly to the top of the building, 
the distributing pij^es run from that point, and the radiating sur- 
faces supplied by a down-flowing current of steam. 
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Before taking up tlie matter of piping in detail a few of the 
moie important pieces of apparatus mil be described in a bnel 

way- , " , 

Re4uciiig Valves. The action of pressure reducing valves 
has been taken up quite fnlly in " Boiler Accessories," and need 
not be repeated here. When 
the teduction in pressure is 
large, as in the case of a com- 
bined power and heating 
plant, the valve may be one 
or two sizes smaller than tlie 
low pressure main into which 
it discharges. For example 
— a 5-inch valve will supply 
an 8-inch main, a 4-inch a 
6-inch main, a S-inch a 5-inch 
main, a 2 J-inch a 4-inoh main, 
etc. 

For the smaller sizes the 
differenL'.e should not Ijg more 
than one size. All reducing 
valves should be pi-ovided 
with a valved liy-pai^s for 
cutting out the valve in case 
of repairs. The connecticn 
is usually made as shown in 
plan by Fig. 53. 

Grease Extractor. As 
already stated, when exhaust BS&iA/iSS 

steam is used for heating pur- p^g, 54. 

poses, it must first be passed 

through some form of separator for removing the oil. This is 
usually effected V introducing a seiies of baffling plates in the 
path of the steam ; the pjirticles of oil striking these are stopped 
and thus separated from the steam. The oil dropa into a receiver 
provided for this .purpose and is discharged through a tmp to tlie 

In the separator, or «xti-aetor, shown in Fig. 54, the separa- 
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tion IS accomplished by a series of plates placed in a vertical posi- 
tion in the body of the separator through which the steam must 
pass. These plates consist of upright hollow columns, with 
openings at regular intervals for the admission of water and oil, 
which drains downward to the receiver below. The steam takes 
a zig-zag coui-se and all of it comes in contact with the intercept- 
ing plates, which insures a thorough separation of the oil and 
other solid matter from the steam. Another form, shown in Fig. 
55, gives excellent results and has the advantage of providing 
an equalizing chamber for overcoming, to some extent, the unequal 
pressure due to the varying load on. the engine. It consists of a 
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Fig. 56. 



tank or receiver about 4 feet in diameter, with heavy boiler iron 
heads slightly crowned to give stiffness. Through the center is a 
layer of excelsior (wooden shavings of long fibre) about 12 inches 
in thickness, supported on an iron grating, with a similar grating 
laid over the top to hold it in place. The steam enters the space 
below the excelsior and passes upward, as shown by the arrows. 
The oil is caught by the excelsior which can be renewed from 
time to time as it becomes saturated. The oil and water which 
fall to the bottom of the receiver are carried off through a trap. 
Live steam may be admitted through a reducing valve for supple- 
merting the exhaust when necessary. 

Back Pressure Valve. This is a form of relief valve which 
ie placed in the outboard exhaust pipe to prevent the pressure in 
the heating^ system from rising above a given point. Its office is 
the t^verse of the reducing valve which supplies more steam when 
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the pressure becomea too low, Tlie form eliown in Fig. 56 is 

designed for a vertical pipe. Tlie valve proper consista of two 

disca of unequal area, the combined area of which equala tliat of 

tlie pipe. The force tending to open 

the valve is that due to tlie steam 

pressure acting on an area equal to 

the difference in area between the 

two discs ; it is clear from tlie cut 

that the pressure acting on the larger 

disc tends to open the valve whil 

the pressure on the smaller acts in 

the opposite direction. The valve 

stem is connected by a link and crank 

arm witli a spindle upon which is a *''K- '*"• 

lever and weight outside. As tlie valve opens the weight 

is raised so that by placing it in different positions on the lever 
arm the valve will open at any 
desired pressure. 

Fig. 57 shows a different type 
in which a spring is used instead 
of a weight. This valve lias, a 
single disc moving in a vertical ■ 
direction. The valve stem is in 
the form of a piston or dash-pot 
which prevents a too sudden move- 
ment and makes it more quiet in 
its action. The disc is lield on its 
seat against the steam pressure by 
a lever atLached to the spring as 
PI g- shown. When the pressure of the 

steam on the underside becomes 

greater than the tension of the spring, the valve lifts and allows 

the steam to escape. The tension of the spring can be varied by 

means of the adjusting screw at its upper end. 

A back pressure valve is simply a low pressure safety valve 

designed with a specially large opening for the passage of ateara 

through it. They are also made for horizontal pipes as well as 

vertical* 
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Exhaust Head. This is a form of sepamtor placed at the 

top of an outboard exhaust pipe to prevent tlie water carried up 

in the steam from falling upon the roofs of buildings or in the 

street below. Fig. 58 i^ known as a centrifugal exhaust head. 

The steam on entering at tlie bottom is given a whirling or rotary 

motion by the spiral deflectors and the water is thrown outward 

by centrifugal force against the sides of the chamber fi-om which 

it flows into the shallow trough at the base and is carried away 

through the drip pipe wliich is bri>ught down and connected with 

a drain pipe inside the building. The 

jmssage of the steam outl)oard is shown 

by tlie ;irrows. Other forms are used 

ill which the wat«r is se[)araLed from 

tlic steam by deflectors which change 

the direction of the currents. 

Automatic Return Pumps. In 
exhaust lic;iting plants the condensation 
is i-eturncd to the builers hy means of 
some form of retnrn jiujuj). A combined 
pnnipand reeeiverof tlie form illustnited 
in Kig. 59 is generally used. This con- 
sists of a ciist or wi'ought iron tank 



Fig. &8. 



mounted on a ba-«i in connection with 



a boiler feed pump. Inside of tlie 
tank is a ball float connected by means of level's with a valve 
in the steam pipe which is connected with the pump. When 
the water line in the tank rises above a ceit.tiin level, tlie float 
is raised and opens tlie steam valve which starts tlie pump. 
When the water U lowered to its normal level the valve closes 
and the pump stops. By this arrangement a constant water line 
is maintained in the receiver and the pump runs only as needed 
to care for the condensation as it returns from the heating system. 
If dry returns aie used they may be brought togetlier and con- 
nected with the top of the receiver. If it is desired to seal the 
horizontiil runs, as is usually the case, the receiver may be i-aise<l 
to a height sufficient to give the required elevation and tho 
returns connected near the Iwttom below the water lino. 

A " balance pipe," so called should connect the heating main 
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with the top of the tank for equalizing the pressure, otherwise 
the Bt«ani above the water would condense and the vacuum thus 
formed would (haw all thb .vat«r into the tank leiiving tlie returns 
pract'-^ally empty and tlitis destroying the condition sought. 
Sometimes an independent regulator or pump governor is used in 
place of a receiver. One type ia pl-own in Fig. 60. The return 



Fig. S9. 

main ia connected at the upper opening and the pump suctioD 
with the lower. A float inside the chainlier operates the steam 
valvfl shown at the top and the pump works automaticiilly as io 
the cikse jnst described. 

If it ia desired to raise the water line the regulator may be 
elevated to the desired heiglit and connections made as shown in 
Pig. 61. 

Return Traps. The principle of the return tr;ip has been 
described in " Boiler Accessories " but its pmctical form and appli- 
cation will be taken up here. The type sliown in Fig. 62 has all 
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of its working parts outside of the trap. It consists of a cast iron 

bowl pivoted at G and H. There is an opening through G con- 
necting with the inside of the bowl. 
The pipe K connects through C 
with an interior pipe opening near 
the top (see Fig. 63.) The pipe 
D connects with a receiver into 
which all of the returns are 
brought. A is a check valve 
allowing water to pass through in 
the direction shown by the arrow. 
E is a pipe connecting with the 
boiler below the water line. B 
Fig. 60. Js a check opening toward the 

boiler and K a pipe connected with the steam main or drum. 
The action of the trap is as follows. As the bowl fills with 

water from the receiver it overbalances the weighted, lever, and 
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Fig. 61. 

drops to the bottom of the ring. This opens the valve C and 
admits steam at boiler pressure to the top of the trap. Being at 
a higher level the water flows by gravity into the boiler, through 
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the pipe £. Wattsr and steam are kept from passing out through 
D by the check A. 

When the trap has emptied itself the -weight of the ball raises 
it to the original position, which movement closes the valve C and 
opens the small vent F. The pressure 
in the bowl being relieved, water flows 
in from the receiver through D until 
the trap is tilled, when the process is 
repeated. In order to work satisfac- 
torily the trap should be placed at least 
3 feet above the water level in the 

boiler and the pi-essure in tlm returns _ 

must always be saflicient to mise the 
water from the receiver to the trap ' 
against atmospheric pressure which is p, ^ 

theoretically about 1 pound for every 2 

feet in height. In practice there will be more or less friction to 
overcome, and suitable adjustments must be made for each partlcu* 
lar case. Fig. 64 bhows another form acting upon the same 



Pig. fl 



principle except in this case the steam valve is operated by a 
bucket or float inside of the trap. Tlie pipe connections ai-e prac- 
tically the same as with the trap just described. 
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Retiini traps ai-e more eonimoiily used in siimller plants 
where it is desired to avoid the expense and care of a pump. 

Clamper Regulators. Every heating and every jjower plant 
should be provided with automatic means for closing the dampers 
when tlie steam pi-essiire reaches a certain point, and for opening 
them agiiin wlien tlie pressure di-ops. There are various regulatois 



FlK- 64. 

di-siytii'd fur lliis purpose, :i simple form of which is sliowu in 
l-]'^". c,r>. 

Steam at hovler pressui'e is admitted lieneath a diaphragm 
which ia Iwhineed hy a weiglit«d lever. When the pressure rises 
to a certain jjoint it raises the lever sliglitly and opens a valve 
which admits water under jiressure above a diaphragm located 
near the smokepipe. This aution forces down a lever connected 
hy chains with the damper and closes it. When the steam pressure 
drops, the water valve is closed, and the different parts of the 
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apparatus take their original positions. Another form similar in 
principle is shown in Fig. 66. In this case a piston i^ operated 
by the water pressure instead of a diaphragm. In both types the 
pressures at which the damper shall open and close are regulated 
by suitable adjustments of tlie Aveights upon the levers. , 

Pipe Connections. The method of making the pipe connec- 
tions in any particular case will depend upon the general arrange- 
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nient of the appai-atus and the various conditions. Fig. 67 illus- 
trates the general principles to be followed, and by suitable 
changes may be used as a. guide in the design of new systems. 

Steam first passes from the boilei-s into a large drum or 
header; from this a main, provided with a shut-off valve, is tiiken 
as shown ; one branch is carried to the engines while another is 
connected with tlie heating system tlirough a reducing valve hay- 
ing a by-pass and cut-out valves. The exhaust from the enginea 
connects with the large main over the boilers at a' point just above 
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the steam drum. The branch at the right is carried outboard 
through a back pressure valve which may b3 set to carry any 
desired pressure on the system. The other branch at the left 
passes through an oil separator into the heating system. The 
connections between the mains and radiators are made in the 
usual way and the main return is carried back to the return pump 
near the floor. A false water line or seal is obtained by elevating 




Fig. 66. 

the pump regulator as already described. An equalizing oi- 
balance pipe connects the top of the regulator with the low pres- 
sure heating main and high pressure is supplied to the pump as 
shown. 

A sight feed lubricator should be placed in this pipe above 
the automatic valve, and a valved by-pass should be placed around 
the regulator for running the pump in case of accident or repairs. 
The oil separator should be drained tlirough a special oil trap to a 
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catch basin or to the sewer, and the steam drum or any other low 
points or pockets in the h.igh pressure piping dripped to the main 
return through suitable traps. 

Means should be provided for draining all parts of the system 
to the sewer and all ti-aps and special apparatus should be by- 
passed. The return pump should always be duplicated in a plant 
of any size as a safeguard against accident and the two pumps run 
alternately to make sure that one is always in working order. 
One piece of apparatus not shown in Fig. 67 is the feed water 
heater. If all of the exhaust steam can be utilized for heating 
purposes, this is not necessary as the cold water for feeding the 
boilers may be discharged into the return pipe and be pumped in 
with the condensation. In summer time, however, when the 
heating plant is not in use, a feedwater heater is necessary, as a 
large amount of heat which would otherwise be wasted may be 
saved in this way. The connections will depend somewhat upon 
the form of heater used, but in general a single connection with 
the heating main inside the back pressure valve is all that is nec- 
essary. The condensation from the heater should be trapped to 
the sewer. 
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PART III. 



VACUUM SYSTEMS. 

Low Pressure op Vacuum Systems. In the systems of eteam 
beating which have been described up to tliis point the pressure 
carried has always been above that of the atmospiiere, and the 
action of gravity has been depended upon to cany the water of 
condensation oack to the boiler or receiver ; tlio air in the radiators 
has been forced out through air valves by the pres-^ure of steam 
back of it. Methods will now be taken up iu which the pressure 
in the heating system is less than the 
atmosphere and where the circulation 
through the j'adiators is produced by 
suction rather than by pressure. 
Systems of thw kind have several 
advantages over the ordinary methods 
of circulation under pressure. Firdt 
— no back pressure is produced at 
the engines when used in connection 
with exhaust steam, but rather there 
will be a reduction of pressure due to 
the partial vacuum existing in the p, , 

radiators; second — a complete re- 
moval of air from the coils and radiators so that all portions are 
steam filled and available for heating purposes j third — complete 
drainage through the returns, especially tliose having long hori- 
zontal runs, and the absence of water hammer; and fourtli the 
smaller size of return pipes necessary. The two systems of this 
kind in most common use are known as the Webster and Paul 
systems. 

Webster System. This consists primarily of an automatic 
outlet valve on eacli coil and nidiator connected with some form of 
-suction apjtaratus such as a pump or ejector. The valve used is 
shown in section in Fig. 1 and replaces the usual hand valve at 
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the return end of the radiator. It is similar in construction to 
some of the air valves already described, consisting of a rubber or 
vulcanite stem closing against a valve opening when made to ex- 
pand by the presence of steam. When water or air fills the valve 
tlie stem contracts and allows them to be sucked out as shown by 
the arrows. A perforated metal strainer surrounds the stem or 
expansion piece to prevent dirt and sediment from clogging the 
valve. 




J^"^. 2. Fig. 8. 

Fig. 2 shows the valve, or thermostat as it is called, attached 
to an ordinary angle valve with the top removed, and Fig. 3 in- 
dicates the method of draining the bottoms of risers or the ends of 



One special advantage claimed for this system is that the 
amount of steam admitted to the radiators may be regulated to 
suit the requirements of outside temperature, and this may be done 
without water logging or hammering, a result impossible to obtain 
with any other combination of steam heating apparatus. This 
may be done at will by closing down on the inlet supply to the 
desired degree. The result is the admission of a smaller amount 
of steam to the radiator than it is calculated to condense normally. 
The condensation is removed as fast as formed by the opening of 
thd thermostatic valve. 
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The general application of this system to exhaust heating is 
shown in Fig. 4. Exhaust steam is brought from the engine as 
shown ; one branch is connectQjd with a feed water heater while 
the other is carried upward and through a grease extractor where 
it branches again, one line leading outbound through a back- 
pressure valve and the other connecting with the heating main. 
A live steam connection is made through a reducing valve as in 
the ordinary system. Valved connections are made with the 
coils and radiatoi'S in the usual manner but the return valves are 
replaced by the special thermostatic valves described above. 

The main return is brought down to a vacuum pump which 
discharges into a " returns tank " where the air is separated from 
the water and passes off through the vapor pipe at the top. The 
condensation then flows into tlie feed water heater from which it 
IS automatically pumped back into the boilers. The cold-water 
feed supply is connected with the returns tank and a small cold- 
water jet is connected into the suction at the vacuum pump for 
increasing the vacuum in the heating system by the condensation 
of steam at this point. 

Paul System. In this system the suction is connected with 
the air valves instead of the returrs and the vacuum is produced 
by means of a steam ejector instead of a pump. The returns are 
carried back to a receiving tank and pumped back to the boiler in 
the usual manner. The ejector in tliis case is called the '* exhauster.'* 

Fig. 5 shows the general method of making the pipe con- 
nections with i-adiators in this system and Fig. 6 the details of 
connection at the exhauster. 

A A are the returns from the air valves and connect with 
the exhausters as shown. Live steam is admitted in small quan- 
tities through the valves B B and the mixture of air and steam is 
discharged outboard through the pipe C. D D are gages showing 
the pressure in the system and E E are check valves. The advan- 
tage of this system depends principally upon the quick removal of 
air from the various radiators and pipes which constitutes the 
principal obstruction to circulation ; the inductive action in many 
cases is sufficient to cause the system to operate somewhat below 
atmospheric pressure. 
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Where exhaust steam is used for heating, the radiators should 
be somewhat increased in size owing to the lower temperature of 




Fig. 6. 



the steam. It is common practice to add from 20 to 80 per cent 
to the sizes required for low pressure live steam. 
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FORCED BLAST, 

In a system of forced circulation by means of a fan or blower 
the action is positive and practically constant under all usual con- 
ditions of outside temperature and wind action. This gives it a 
decided advantage over natui-al or gravity methods which are 
affected to a greater or less degree by changes in wind pressui*e, 





Paul Exhauster^ \\ u 
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B 3 

Fig. 6. 

and makes it especially adapted to the ventilation and warming of 
large buildings such as shops, factories, schools, churches, halls, 
theatres, etc., where large and definite air quantities are i*equired. 



148 



HEATING AND VENTILATION. 8 

Exhaust Method. Tbis consists ia drawing the air out of a 
building and providing for the heat thus carried away by placing 
steam coils under windows or in other positions where the inward 
leakage is supposed to be tlie greatest. When this method is 
used a partial vacuum is created within the b.uilding or room and 



Fig. 7. 

all currents and leaks are inward; there is nothing to govern 
definitely the quality and place of introduction of the air, and it 
is diffidult to provide suitable means for warming it. 

Plenum Method. In this case the air is forced into the 
building, and its quality, temperature and point of admission are 
completely under control. All spaces are filled with air under a 
slight pressure and the leakage is outward, thus preventing the 
drawing of foul air into the room from any outside source. But 
above all, ample opportunity is given for properly warming the 
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air by means of heaters, either in direct connection with the fan 
or in separate passages leading to the various rooms. 

Ponn of Heatine Surface. A common form of heater for 



(orced blast heating is shown in Fig. 16, Part I. This consists of 
sectional castriron bases with loops of wrought-iron pipe connected 
as shown. The steam enters the upper part of the bases or 
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headers and passes up one side of the loops, tlieti acioss the top 
and down on the other side where tlie condensation is taken off 
Uirough the return drip, which is separated fmm the inlet by a 
partition. These heaters are made up in sections of 2 and 4 rows 
of pipes each. The height varies fi-om 3^ to 9 feet and the width 
from S feet to 7 feet in the standard sizes. They are usually 
made up of 1-inch pipe although 1^ inch is commonly used in the 
larger sizes. In Fig. 7 is shown a similar heater. This is ar- 
ranged forsupplying exhaust to a portion of the sections and live 
steam to the remainder. The division between the two sections 
is shown where the metal is broken away. Fig. 8 shows still 



rffOMr vvcw siac view 

Fig. 9. 
another form ; in this case all of the loops are made of practically 
the same length by the special form of construction shown. This 
is claimed to prevent the short circuiting of steam tiirough the 
shorter loops which causes the outer pipes to remain cold. 

This form of heater is usually encased in a sheet steel hous- 
ing as shown, but may be supported on a foundation between 
brick walls if desired. 

Fig. 9 shows a special form of heater particularly adapted to 
ventilating work where the air does not have to be raised above 
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70 or 80 degrees. It is made up of 1-incli wrought-iron pipe 
connected with supply and return headera: each section contains 
14 pipes and they are usually made up in groups of 5 sections 
each. These coils are supported upon tee irons resting upon a 
brick foundation. Heaters of this form are usually made to 
extend across the side of a room with brick walls at the sides 
instead of being encased in steel housings. Heaters made up of 
banks of the school-pin cast-iron radiators give excellent results 
for schoolhouse work. The sections should be so arranged that 
the free area for air flow shall not be too much restricted. 

Efficiency of Heaters. The efficiency of the heaters used in 
connection with forced blast varies greatly, depending upon the 
temperature of the entering air, its velocity between the pipes, 
the temperature to which if is luised and the steam pressure car- 
ried in the heater. The general method in which the heater is 
made up is also an important factor. 

In designing a heater of this kind, care must be taken that 
the free area between the pipes is not contracted to such an 
extent that an excessive velocity will be required to pass the given 
quantity of air through it. In ordinary work it is customary to 
{issumea velocity of 800 to 1000 feet per minute ; higher velocities 
call for a greater pressure on the fan Avhich is not desirable in 
ventilating work. 

In the heaters shown, about .4 of the total area is free for the 
passage of air ; that is, a heater 5 feet wide and 6 feet high would 
have a total area of 5 X 6 = 30 square feet, and a free area 
between the pipes of 30 X .4 = 12 square feet. The depth or 
number of rows of pipe does not effect the free area although the 
friction is increased and additional woik is thrown upon the fan. 
The efficiency in any given heater will be increased by increasing 
the velocity of the air through it, but the. final temperature will 
l)e diminished, that is, a larger quantity of air will be heated to a 
lower temperature in the second case and while the total heat 
given off is greater, the air quantity increases more rapidly than 
the heat quantity which causes a drop in temperature. 

Increasing fehe number of ro.ws of pipe in a heater with a 
constant air quantity increases the final temperature of the air but 
diminishes the efficiency of the heater, because the average differ 
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ence in temperature between the air and steam is less. Increas- 
ing the steam pressure in the heater (and consequently its temper- 
ature) increases both the final temperature of the air and the effi- 
ciency of the heater. Table I has been prepared from different 
tests and may be used as a guide in computing probable results 
under ordinary working conditions. In this table it is assumed 
that the air enters the heater at a temperature of 10 degrees 
below zero and passes between the pipes with a velocity of 800 
feet per minute. Column 1 gives the number of rows of pipe in 
the heater and columns 2, 3 and 4 the final temperature of the air 
for different steam pressures. Columns 5, 6 and 7 give the 
corresponding efficiency of the heater* 

For example. Air passing througli a heater 10 pipes deep 
and carrying 20 pounds pressure will be raised to a temperature 
of 90 degrees and the heater will have an efficiency of 1650 B.T.U. 
per square foot of surface per hour. When the air is taken in at 
zero we may add 10 to the final temperatures given in the table, 
although theoretically it would be slightly less ; in this case we 
must take the efficiency corresponding to the final temperature 
after the 10 degress have been added. 

TABLE I. 

Temp, of entering air 10° below zero. 

Velocity of air between the pipes 800 feet per minute. 



Rowa of 
pipe deep. 



4 
6 
8 
10 
12 
14 
16 
18 
20 



Temp, to which the air will be 
raised from 10* below 0. 



Steam Pressure in Heater. 



EfBcIenoy of the heating surface In B. T. U., 
per square foot per hour. 



Steam Pressure in Heater. 



5 lbs. 



30 
50 
65 

80 
95 
105 
120 
130 
140 



20 lbs. 


«0 lbs. 


36 


45 


55 


65 


70 


85 


90 


105 


105 


125 


120 


140 


130 


150 


140 


160 


150 


170 



6 lbs. 
1600 

1600 
1500 
1500 
1500 
1400 
1400 
1300 
1300 




60 lbs. 



2000 
2000 
1850 
1850 
1850 
1700 
1700 
1600 
1600 
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For a velocity of 1000 feet, multiply the temperature% given 
in the table by .95 and the efficiencies by 1.13. 

Example. How many square feet of radiation will be re- 
quired to raise 600,000 cubic feet of air per hour tvom 10 below 
zero to 80 degrees, with a velocity through the heater of 800 feet 
per minute and a steam pressure of 5 pounds ? What must be 
the total area of the beater front and how many rows of pipes 
must it have ? 

Referring back to our formula for heat required for ventila- 
tion, we have 

600,000 X 90 QQ1 Q1Q 15 rp TT A 

1—-^ = 981,818 B. T. U. required. 

65 

Referring to table I we find that for the above conditions a 

heater 10 pipes deep is required, and that an efficiency of 1500 

B. T. U. will be obtained. Then ^ = 654 square feet of 

1500 ^ 

surface required, 1 = 10,000 cubic. of air per minute, and 

60 

— -^ — =12.5 square feet of free area required through the 

heater. If we assume .4 of the total heater front to be free for 

the piissage of air, then — ^ = 31 the required total area. 

.4 

For convenience in estimating the approximate dimensions 
of a heater, the following table is given. The standard heaters 
made by different manufacturers vary somewhat, but the dimen- 
sions given below represent average practice. Column 3 gives 
the sqTiare feet of heating surface in a single row of pipes of the 
dimensions given in columns 1 and 2, and column 4 gives the free 
area between the pipes. 



154 



TYPICAL BBATINO INSTALLATION SHOWING SKCTIONAL BOtLBB 
AND RADIATOR. 
n Radiator Conii»ii7. 



HEATING AND VENTILATION. 



15 



TABLE If. 



Width of Section. 


Height of Pipes. 


Square Feet 'of 
Surface. 


Free Area through 
Heater in Sq. Ft. 


3 feet 


3 ft. 6 inches 


20 


4.2 


3 feet 


4 ft. inches 


22 


4.8 


3 feet 


4 ft. 6 inches 


25 


5.4 


3 feet 


5 ft. inches 


28 


6.0 


4 feet 


4 ft. 6 inches 


34 


7.2 


4 feet 


5 ft. inches 


38 


8.0 


4 feet 


5 ft. 6 inches 


42 


8.8 


4 feet 


6 ft. inches 


45 

• 

• 


9.6 


5 feet 


5 ft. 6 inches 


52 


11.0 


5 feet 


t] ft. inches 


57 


12.0 


6 feet 


6 ft. 6 inches 


62 


13.0 


5 feet 


7 ft. inches 


67 


14.0 


6 feet 


6 ft. 6 inches 


75 


15.6 


6 feet 


7 ft. inches 


81 


16.8 


6 feet 


7 ft. 6 inches 


87 


18.0 


6 feet- 


8 ft. inclies 


92 


19.2 


7 feet 


• 

7 ft. 6 inches 


98 


21.0 


7 feet 


8 ft. inches 


108 


22.4 


7 feet 


8 ft. 6 inches 


109 ' 


23.8 


7 feet 


9 ft. inches 


116 


25.2 



In calculating the total height of the heater add 1 foot for 
the base. 

These sections are made up of 1-inch pipe except the last, or 
7-foot sections, which are made of 1 |-inch pipe. 

Using this table in connection with the example just given 
we should look in the last column for a section having a free area 
of 12.5 square feet ; here we find that a 5 feet X 6 feet — 6 inches 
section has a free opening of 13 square feet and a radiating surface 
of 62 square feet. The conditions^ call for 10 rows of pipes and 
10 X 62 = 620 square feet of radiating surface which is slightly 
less than called for, but which would be near enough for all prac- 
tical purposes. 
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As a further example, if we compute the dimensions of a 
heater to warm 20,000 cubic feet of air pfir minute from 10 degrees 
below zero to 70 degrees aboye, with 20 pounds steam, we find 
that 1057 square feet of surface will be required. The heater 
must be 8 pipes deep and requires 25 square feet of free area. 
These may be obtained by 16 5' X 7' sections side by side, as in 
the sketch. These will give 28 square feet of free area and 1072 
square feet of surface. 
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The general method of computing the size of heater for any 
given building is the same as in the case of indirect heating: 
First obtain the B.T.U. required for ventilation and to that add 
the heat loss through walls, etc., and divide the result by the 
cfficiecy of the heater under the given conditions. 

Example. — An audience hall is to be provided with 400,000 
cubic feet of air per hour. The heat loss through walls, etc., is 
250,000 B.T.U. per hour in zero weather. What will be the size 
of heater, and how many rows of pipe deep must it be, with 20 
pounds steam pressure. 

400,000 X 70 ^. 5Q9 09Q g ^.U. for ventilation. 
55 

Therefore 250,000 + 509,090 = 759,090 B.T.U., total to be 
supplied. 

We must next find to what temperature the entering air 
must be raised in order to bring in the required amount of heat, 
so that the number of rows of pipe in the heater may be obtained 
and its corresponding efficiency determined. We have entering 
the room for purposes of ventilation, 400,000 cubic feet of air 
every hour at a temperature of 70 degrees, and the problem now 
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becomes, to what temperature must this air be raised to carry in 
260,000 B.T.U. additional for warming? 

We have learned that 1 B.T.U, will raise 55 cubic feet of air 
1 degree. Then 250,000 B.T.U. would raise 250,000 X 55 cubic 
feet of air 1 degree, 

250,000 X 55 _ g^^ , 
400,000 "^ 

The air in thiacase must be raised to 70 -}- 34 = 104 degrees 
to provide for both ventilation and warming. Referring to table I 
we find that a heater 12 pipes deep will be required and that the 
corresponding efficiency of the heater will be 1650 B.T.U. 

Then — = 460 square feet of surface required. 

Pipe Connections. In the- heater shown in Fig. 16, Part I, 
all of the sections take their supply from a common header ; the 
supply pipe connecting with the top, and the return being taken 
from the lower division at the end, as shown. 

In Fig. 7 the base is divided into two parts, one for live 
steam and the other, for exhaust. The supply pipes connect with 
the upper compartments and the drips are taken off as shown. 
Separate traps should be provided for the two pressures. 

The connections in Fig. 8 are similar to those just described 
except the supply and return header, or bases, are drained through 
separate pipes and traps ; there being a slight difference in pres- 
sure between the two which is likely to interfere with the proper 
drainage if brought into the same one. This heater is arranged 
to take exhaust steam but has a connection for feeding in live 
steam through a reducing valve if desired ; the whole heater being 
under one pressure. 

It is often desirable to have a heater connected up in sections 
so that one or more can be shut off in mild weather when the 
whole capacity of the heater is not required. In this case each 
section has separate connections with valves in supply and return. 
Fig. 10 shows an excellent method of making the connections for 
a heater using both live and exhaust steam* as in this way any 
number of sections may be used for exhaust from one to the entire 
beater by a proper adjustment of the valves. 
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The usual connections in Fig. 9 are plainly aliown. A supply 
header runs across the front of the heater fi-om which valved 
branches are taken off to the several groups. The return pipes 
have cross connections with the sewer or drain for blowing out 
the air when steam is first turned on. Two or more groups 
should be connected for the use of either exhaust or live steam as 
shown in Fig. 10, and separate traps should be provided for the 
two pressures. Large and freely working automatic air valves 

LIVE STCAM 



Fig-. 10. 

should )^ provided in the return header of each section or 
group, whatever the type of heater, and it is well also to provide 
hand pet cocks for opening when steam is first turned on. The 
form of lieater shown in Fig. 9 is especially efficient and may be 
relied upon to give an efficiency of about 1800 B.T.U. and to 
raise the air from zero to 80° witli a velocity of 800 feet between 
the pipes and a steam pressure of 20 pounds. A cast-iron sectional 
heater will give about 1500 li.T.U under the same conditions. 

Pipe 5izes. The pipe sizes required in this system o£ heat- 
ing may be computed from the tables already given. The length 
of run from the boiler or main, the pressure carried and the allow- 
able drop are the factors goveriiing the size of the main supply 
and branches. Heaters of the pattern shown in Figs. 7 and 10 
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are usually tapped at the 
factory for high or low 
pressure as desired and 
these sizes may be followed 
ia making the pipe con- 
nections. 

The sizes marked on 
Fig. 9 may be used for aU 
ordinary work where the 
pressure runs from 5 to 20 . 
pounds; for pressures 
above that the supply con- 
nectiouB may be reduced 
one size. 

Fans and Blowers. 
The term fan is commonly 
.ipplied to any form of ap- 
paratus for moving air in 
which revolving blade? or 
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propellers are used, 
while tlie word blower is 
used only in tliose cases 
where the wheel or pro- 
peller is enclosed in a 
casing. 

Referring to Part I, 
Fig. 17 shows the usual 
form of fan or wheel 
used in the common 
type of blower and 
Fig. 11 repi-esents the 
usual form of a regular 
Mtecl plate blower with 
full bousing. Where a 
blower is connected witii 
a heater liiiving a eteel 
plate citsing it has an 
inlet only on one side, 
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but when used in connection with a heater of tlie type shown in 
Fig, 9 it siiould liave inlet openings upon both sides as shown in 
Fig. 12. 



The dischai^e opening can be made in any position desired, 
either up, down, top horizontal, bottom liorizontal or at any angle. 
Fig. 13 shows a top horizojibil discharge blower connected with a 
bcatet. 
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Where the height of the fan room is limited, a form called 
the three-quarter housing nifly be used in which the lower part of 
l,he casing is replaced by a brick pit below the floor level. Such 
a construction is shown in Fig. 14 with a direct-connected engine. 
Another type of fan known as a disc wheel may be used where 
the air passages are lai^e and the resistance to air flow is sniall, 
but for ordinary ventilating work the encased blower is to be pre- 
ferred. The cone fan showa in Fig. 20, Part I, is a very efficient 



Fig. J 4. 

form and may be used in a wall opening as there shown or ma<Ie 
double and enclosed in a steel plate housing. 

Fan Capacity. The volume of air which a given fan will 
deliver depends upon the speed at which it 'm run and the friction 
or resistance through the heater and air ways. The pressure, 
referred to in connection with a fan is that in the discharge outlet 
and represents the force which drives the air through the ducts 
and flues. The greater the [)re8snre with a given resistance in 
the pipes the greater will be the volume of air delivered, and the 
greater the resistance, the greater the pressme required to o^liTer 
a given quantity. 

Fan wheels of the same manufacture are usually made with 
« constant ratio between the diameter and width, although special 
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forms are made where this does not . hold true. All practical 
data on the action of fans is based on the results of tests, and 
from these the following relations have been found to be approx 
imately correct: 

(1) The volume of air delivered varies directly as the speed 
of the fan, that is, doubling the number of revolutions doubles 
the volume of air delivered. 

(2) The pressure varies as the square of the speed, for 
example, if the speed is doubled the pressure is increased 
2x2 = 4 times, etc. 

(3) The power required to run the fan varies as the cube 
of the speed; again, if the speed is doubled the power required is 
increased 2x2x2 = 8 times. 

The value of a knowledge of these relations may be illustrated 
by the following example. 

Suppose for any reason it was desired to double the volume 
of air delivered by a certain fan. At first thought we might 
decide to use the same fan and run it twice as fast ; but when we 
come to consider the power required we should find that this 
would have to be increased 8 times, and it would probably be 
much cheaper in the long run to put in a larger fan and run it at 
lower speed. In speaking of a fan as a 4 or 5-foot fan, the 
diameter of the propeller wheel is meant, but if we say an 80 or 
100-inch fan we mean the height of casing in inches. 

It has been found in practice that fans of the blower type 
having curved floats operate quietly and give good results when 
run at a speed corresponding to ^ ounce pressure at the discharge 
outlet; this gives a speed of about 3600 feet per minute at the 
circumference of the wheel. Higher speeds are accompanied with 
a greater expenditure of power and are likely to produce a roaring 
noise or cause vibration. A much lower speed does not provide 
sufficient pressure to give proper control of the air distribution 
during strong winds. The following table gives average capacities 
for various sizes of fans and the corresponding horse-power of 
engine required.. . If an electric motor is used multiply the horse- 
power given in the tal)le by 1.3. 

This is done because we can never tell exactly what the power 
required will be and it is well to have an excess to meet any 
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emergency or unlooked-for conditions which may arise. In the 
case of a steam engine the steam pressure may be raised to meet 
any special requirements but a motor can only give out the 
original power for which it was designed. 

TABLE IIL 



Nominal Size 

of Fan. Height 

of Honsing in 

Inches. 


Diameter of 

Fan Wheel in 

Inches. 


Width of 

Housing In 

Inches. 


Ordinary 
Speed Giving 
i Ounce Pres- 
sure. 


Cnbic Feet of Air 

Delivered per 

Minute. 


' Horse- 
Power of 
Engine to 
Drive the 
Fan. 


30 


18 


9 


870 


1000 


i 


40 


24 


12 


580 


1600 


50 


30 


15 


465 


2600 


1 


60 


36 


18 


390 


4500 


2 


70 


42 


21 


333 


6000 


4 

9 . 


80 


48 


24 


293 


8000 


90 


54 


28 


260 


11000 


4 


100 


60 


32 


233 


12500 


4 


120 


72 


43 


195 


21500 


7 


140 


84 


48 


167 


28600 


9 


160 


96 


48 


117 


31800 


10 




108 


54 


130 


40400 


13 




120 


60 


117 


51000 


16 



Fan Engines. A simple, quiet running engine is desirable 
for use in connection with a fan or blower. They may be either 
horizontal or vertical and for schoolhouse and similar work should 
be provided with large cylinders so that the required power may 
be developed without carrying a boiler pressure much above 30 
pounds. In some cases cylinders of such size are used that a 
boiler pressure of 12 or 15 pounds is sufficient. The quantity of 
steam which an engine consumes is of minor importance as the 
exhaust can be turned into the coils and used for heating purposes. 
If space allows, the engine should always be belted to the fan. 
Where it is direct-connected, as in Fig. 14, there is likely to be 
trouble from noise, as any slight looseness or pounding in the 
engine will be communicated to the air ducts and tlie sound will 
be carried to the rooms above. Figs. 15 and 16 show common 

forms of fan engines. The latter is especially adapted to this pur- 
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pose as all bearings are enclosed and protected from dust and 
grit. A horizontal engine £or fan use is shown in Fig. 17. 

Motors. Electric motors are especially adapted for use in 



connection with fans. They are easily conti-olled by a switch and 
starting lx)x or regulator. The motor may be directly connected 
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to the fan sliiift or it may be belted. Fig. IS shows a fan with 
direct-connected motor. 

Area of Ducts and Rues. With the blower type of fan tliesiz^ 
of the main ducts may be baeedonavelociyof 1200 to 1500 feet per 
minute, the branches on a velocity of lOOOto 1200 feet per minute, 
Hod as low lis 600 to 800 feet when the pipes are small. Flue 



Fig. 18. 

velocities of 500 to 700 feet per minute may be used although the 
lower velocity is preferable. The size of the inlet register should 
be such that the velocity of the entering air will not exceed about 
SCO feet per minute. The velocity between the inlet windows 
and the fan or heater should not exceed about 800 feet. 
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The air ducts and flues are usually made of galvanized iron, 
the ducts Ueiiig run at the basement ceiling. No. 20 and 22 iron 
ia used for the larger sizes and 24 to 28 for the smaller. 

Regulating dampers ehoiild be placed in the branches leading 
to each flue for increasing or reducing the air supply to the differ- 
ent rooms. Adjustable deflectors are often placed at the foi-k of 
a pipe for the same purpose. One of these is shown in Fig. 19. 



Fig. n. 

Factory Heating. The application of forced blast for the 
warming of factories and shops is shown in Figs. 20 and 21. The 
proportional lieatiiig surface in this case is generally expi-essed in 
the number of cubic feet in the building for each linear foot of 
1-inch st«am pipe in the heater. On this basis, in factory prac- 
tice with all of the air taken from out of doors, there are generally 
allowed from 100 to 150 cubic feet of space per foot of pipe 
according as exhaust or live steam is used ; live steam in tins case 
indicating steam of about 80 pounds pressure. If practically all 
of the air is returned from the buildings to the heat«r, these figures 
may be raised to about 140, as a minimum and possibly 200 as a 
maicimuni, per foot of pipe. The heaters in table II may be 
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changed to linear feet of 1 inch pipe by multiplying the numbers 
in column three (square feet of surface) by three. 

Example. — A machine shop 100 feet long by 50 feet wide and 
8 stories, each 10 feet high, is to be warmed by forced blast using 



Fig. 18. 

exhaust steam in the heater. The air ia to be returned to the 
heater from the building and the whole amount contained in the 
building is to piiss through the heater every 15 minuteB. What 
.^ize of blower will be required and what will be the H.P. of the 
engine required to run it? How many linear feet of 1 inch pipe 
should the heater contain? 

The total volume of air is 

100 X 50 X 3 X 10 = 150,000 cubic feet. 

This will require 

150,000 1AT1 t 4. t ■ 

! = 1071 feet of pipe. 

140 *^*^ 

There are 10,000 cubic feet of air required per minute ; hence 



28 . HEATING AND VENTILATION. 

from Table III we must use a 4 H.P. eng-'ne and a 90.i nch blower. 
If live steam were used, aud the air changed every 20 
minutes, we should ueed 150,000 -;- 200 = 750 feet of pipe, and 
7500 cubic feet of air per iniuute, requiring a 2J II. P. engine and 
an 80-inch blower. 

In using this method of computatioD judgment must be 
uaed which can only come fram experience. Tiie figures giveo 
are for averse conditions of constructioti and exposure. 

Double Duct System. The varying exposures of the roonB 
of a school or other building similarly occupied require that more 
heat shall he supplied to some than to othei-s. Rooms that are on 
the south side of the building and exposed to the suu may perhaps 
be kept perfectly comfortable with a supply of heat that will 
maintain a temperature of only 50 or^O degrees in rooms on tlie 
opposite Bide of the building which are exposed to high winds and shut 
ofE from the warmth of the sun. 
f*— — • Witli a constant and equal 

air supply to each room it is 
evident that the temperature 
must be directly proportional to 
the cooling surfaces and ex- 
posure, and that no building of 
this character can be properly 
heated and ventilated if the 
temperature cannot, he varied 
without affecting the air supply. 
Pig, j9. There are two methods of 

overcoming this difficulty : 
'l"he older arrangement consists in heating the air by means 
of a primary coil at or near the fan to about 60 degrees, or to the 
lijinimum temperature required within tlie building. From the_ 
coil it passes to the bases of the various flues and is there still 
further heated as required, by secondary or supplementary heaters 
placed at the base of each flue. 

With the second and more recent metliod a single.heater is 
employed and all of tlie air is heated to the maximum required to 
maintain the desired temperature in the most exposed rooms, 
while the temperature of the other reoms ie reguktad by mixing 
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with the hot air a sufficient volume of cold air at the bases of the 
different flues. This result is best accomplished by designing a 
hot blast apparatus so that tlie air shall be forced, rather than 



Fig. 20. 
drawn through the heater, and by praviding a by-pass through 
which it may be discharged witliout passing across the heated 
pipes. The passE^e for the cold air is usually made above and 
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separate from tlie heater pipes (see Fig. 19, Parti.). Extending 
from the apparatus is a double system of ducts, usually of galvan- 
ized iron, and suspended from the ceiling. At tlie base of each 
flue is placed a mixing damper which is controlled by a chain 
from the i-oom above and so designed as to admit either a full 
volume of hot air, a full volume of cold air or to mix them in any 



desired proportion without affecting the resulting total volume 
delivered to the room. A damper of this form ia shown in Fig, 22, 
Fig, 23 showsan arrangement of disc fan and heater where the 
air is first drawn through a tempering coil, then a portion of it 
forced through a second heater and into the warm-air pipes while 
the remainder is by-passed under the heater into the cold-aii 
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pipes. Mixing dampers are placed at the bases of the flues as 
already described. 

BXHAUST VENTILATION. 

When air is to be moved against a very slight resistance, as 
in the case of exhaust ventilation, the disc or propeller type of 
whee! may be used. This is shown in different forms in Figa. 24, 
25 and 26. This type of fan is light in construction, requires 
but little power at low 
speeds, and is easily 
rfrected. It may be con- 
veniently placed in the 
attic or upper story of 
a building, where it may 
be driven either by a 
direct or belt-connected 
electric motor. Fig. 24 
shows a fan equipped 
with a direct-connected 
motor, and Fig. 27 
the general arrangement 
when a belted motor is 
used. These fans are 
largely used for the 
ventilation of toilet and 
smoking rooms, restau- 
rants, etc. and are usually 
mounted in a wall open- 
ing, as shown in Fig. 27. 
A dampershould always 
bo provided for shutting 

off the opening when pj-_ 2a. 

the fan is not in use. 

The fans shown in Figs. -25 and 26 are provided with pulleys for 
belt connectioa. 

Fans of this kind are often connected with the main vent 
flues of large buildings, such as schools, halls, churches, theatres, 
etc^ and are especially adapted for use in connection with 
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gravity heating systems. They are nsually run by electric motors, 
and as a rule are placed iu positions where an engine could 
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not he connected, and also in buildings where steam pressure is 
not available. 

Table IV gives the air delivery per minute against slight 
resistance, and the proper size of motor for fans of the disc type. 
TABLE IV. 



DUmsUr of 




Cubic teet of .1r 


H. p. or 


tut i. InchM. 




dellTCRd per minute 


Motor. 


12 


1,000 


600 


J 


18 


800 


1,500 




24 


500 


2,300 


1 


30 


410 


3,500 


1 


86 


380 


5,700 


11 


42 


830 


7,800 


■2^ 


48 


280 


9,900 


3 


64 


250 


12,500 


3 


60 


230 


16,000 


6 
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ELECTRIC HEATING. 

Unless electricity is produced at a very low cost, it is not 
commercially pincticable for heating residences or large buildings. 
The electric heater, however, has quite a wide field of application 
in heating small offices, bathrooms, electric cars, etc. It is a 
convenient method of warming rooms on cold mornings in late 
spring and early fall, when furnace or steam heat is not at hand. 
It has the es^ieciiil advantage of being instantly available, and 



Fig. 25. 

the amount of heat can be regulated at will. The heaters are 
perfectly clean, do not vitiate the air, and are portable. 

Electric Heat and Energy. The commercial unit for eleo 
tricity is one watt for one hour, and is equal to 8.41 B. T. U. 
Electricity is usually sold on the basis of 1,000 watt hoars (called 
Kilowatt-hours), which is equivalent to 8,410 B. T. U. A watt, 
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as we have learned, is the product obtained by multiplying a 
current of 1 ampere by an electro-motive force of 1 volt. 

From the above we see tliat the B. T. U. required per hour 
for warming, divided by 8,410, 
will give the Kilowatt-hours 
necessary for supplying the 
requii'ed amount of heat. 

Construction of Electric 
Heaters. Heat is obtained 
from the electric current by 
placing a greater or less i-e- 
BistancG in its path. Various 
forms of heaters have been 
employed. Some of the 
simplest consist merely of 
coils or loops of iron wire, 
arranged in parallel rows, so 
that the currentcan be passed 
through as many coils as are 

neededto provide the required p. „„ 

amount of heat. In other 

forms the heating material is surrounded with fire-clay, enamel 
or asbestos, and in some cases the material itself has been 



BBch R3 to give considerable i-esistanee to the current. A form 
of electric car heater is shown in Fig. 28. Forn^a of mdiatora 
are shown in Figs. 21, 22 and 23, in Pan I. 
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Connections for Electric Heaters. The method of wiring 
for electric heaters is essentially the same as for lights which 
require the same amount of current. A constant electro-motive 
force or-voltage is maintained in the main wire leading to tho 
neaters. A much less voltage is carried on the return wire, and 
the current in passing through the heat«r from the main to the 
return, drops in voltage or pressure. This drop provides the 
energy which is transformed into heat. 

The principle of electric heating ia much the same &b that 
involved in the non-gravity return system of steam heating. In 
that system the pressure on the main steam pipes is that of the 
boiler, while that on the retuiTi is much less, the reduction in- 
pressure occurring in the passage of the steam through the 



Fig. 28. 

radiators ; the water of condensation is received into a tank and 
returned to tlie boiler by a pump. 

In a system of electric heating the main wires roust he suffi- 
ciently large to prevent a sensible reduction in voltage or pressure 
between the generator and the heater, so that the pressure in 
them shall be substantially that in the generator The pressure 
or voltage in the main return wire is also constant, but very low, 
and the generator has an office similar to that of the steam pump 
in the system just described ; that is, of raising the pressure of 
the return current up to that in the main. The xwwer supplied to 
the generator can be considered the same as the boiler in the first 
case. AH of tlie current which passes from the main to the return 
must flow through the Iieater and in so doing its pressure oi 
voltage Jails from that of the main to that of the return. 

From the generator shown in Fig, 29, main and return wirea 



HEATING AND VENTILATION. 



37 



are mn the same as in a two-pipe system of steam heating, and 
these are proportioned to carry the required current without 
sensible drop or loss of pressure. Between these wires are placed 
the various heaters, which are arranged so that when electric 
connection is made they draw the current from the main and 
dischai'ge it into the return wire. Connections are made and 
broken by switches which take the place of valves on steam 
radiators. 

Cost of Electric Heating:. The expense of electric heating 
must in every case be great, unless the electricity can be supplied 




'i 



Fig. 29. 

at an exceedingly low cost. Estimated on the basis of present 
practice, the average transformation into electricity does not 
account for more than 4 per cent of. the energy in the fuel which' 
is burned in the furnace ; although under best conditions 15 per 
cent has been realized, it would not be safe to assume that in 
ordinary practice more than 5 per cent could be transformed into 
electrical energy. In heating with steam, hot water or hot air, 
the average amount utilized will probably be about 60 per centi 
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so that the expense of electrical heating is approximately from 
12 to 15 times greater than by these metliods. 

TEMPERATURE REGULATORS. 

The principal systems of automatic temperature contro' 



now in use consist of tliree essential features : First, re au 
compressor, reservoir and distributing pipes; second, thermo- 
stats, which are placed in the moms to be regukted; and 
thini, speciiil diapliragm or pneumatic valves at the radiators. 
The air compreMor is usually operated by water pressure in 
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small plants and by steam in larger onea; electricity is used in 
Bome casoa. Fig. 30 shows a form of water compressor. It is 
similiir in principle to a direct-acting steam pump, in which water 
under pressure takes the place of 
steam. A piston in the upper 
cylinder compresses the air, which 
is stored in a reservoir provided 
for the puipose. When the pres- 
sure i)i the reservoir drops below 
a certjiin jwint, the compressor 
is stiirted automatically, and con- 
tinues to operate until the pres- 
sure is brought up to its working 
Btiiitdanl. 

A thermostat is simply a 
mechanism for opening and clos- 
ing one or more small valves, and 
is actuated by changes in the tem- 
perature of the air in which it is 
placed. Fig. 31 shows a themio- 
st^it JJi which the valves are 
oi)erafed by the expansiou and 
coiitriujtion of the metal stiij) E.. 
The degree of temperatui-e at. 
whicli it acts may be adjusted by 
throwing the pointer at the bottom 
one way or the other. Fig. 32 
shows the same thermostat with 
its ornamental casing in place. 
The theiinostab shown in Fig. 33 
0[)enite3 on a somewliat different 
principle. It consists of a vessel 
sepai-ated into two chambers by a 
meUd diaphragm. One of these 
chambers b partially filled \vith 
a liquid, which will boil at a 

temperature below that desired in the room, Tlie vapor oi the 
liquid produces considerable pressure at the normal temperature 



10 HEATIMG AND VENTILATION. 

of the room, and a slight increase of heat crowiJs the diaphr^rr. 
over and operates the small valves in a manner similar to that 
of the metal strip in the case just described. 

The general form of a diaphragm valve is shown in Fig. 84. 
These replace the usual hand valves at the radiator. They are simi- 
lar in construction to the ordinary globe or angle valve, except the 
stem slides up and down instead of being threaded and running 
in a nut. The top of the stem connects with a flat plate, which 
rests against a rubber diaphn^m. The valve is held open by a 
spring, as shown, and is closed by admitting compressed air to the 
space above the diaphragm. 

In connecting up the system, small concealed pipes are carried 



Fig. 83. 

&om the air reservoir to the thermostat, which is placed upon an 
inside wall of the room, and from t^ere to the diaphragm vaive 
at the radiator. When the temperature of the room reaches the 
maximum point for which the thermostat is set, its action opens a 
small valve and admits air pressure to the diaphragm, thus closing 
off the steam from the radiator. When the temperature falls, the 
thermostat acts in the opposite manner, and shuta off the air pres- 
sure from the (iiaphragm valve, and at the same time opens a 
small exhaust which allows the air above the diaphragm to- escape. 
The pressure being removed the valve opens and again admits 
steam to tlie radiator. Thermostats and diaphragms are also 
used for operating mixing dampers in a similar manner. 



HEATING AND VENTILATION. 41 

HEATING AND VENTILATION. 
Various ClasMS of Bulldlosa. 

The difEereiit methods used in heating and ventilation, 
together with the manner of computing tlie various proportions of 
the apparatus, having been taken up, the application of these 
systems to the different clusses of buildings will now he considered 
briefly. 

School Buildings. For school buildings of small aize, the 
furnace system is simple, convenient and generally effective. ' Its 
nee is confiued as a general rule to buildings having not more 



Fig. 34. 

than eight rooms. For large ones this method must generally give 
way to some form of indirect steam system with one or more 
boilers, which occupy less space, and are more easily cared for than 
a number of furnaces scattered about in different parts of the 
basement. Like all systems that depend on natural circulation, 
the supply and removal of air is considerably affected by changes 
in the outside temperature and by winds. 

The furnaces used are generally built of cast iitm; tliis 
material being durable, and easily made to presimt Iargx> and 
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effective heating surfaces. To adapt the larger sizes of house^ 
heating furaaces to schools a much larger space must be provided 
between the body and the casing, to permit a sufficient volume of 
air to pass to the rooms. The free area of the air passage should 
be sufficient to allow a velocity of about 400 feet per minute. 

The size of furnace is based on the amount of heat lost by 
radiation and conduction through walls and windows plus that 
carried away by air passing up the ventilating flues. These 
quantities may be computed by the usual methods for "loss of 
heat by conduction through walls,'* and "heat required for 
ventilation." With more regular and skillful attendance, it is safe 
to assume a higher rate of combustion in schoolhouse heaters than 
in those used for warming residences. Allowing a maximum 
combustion of 6 pounds of coal per }iour per square foot of grate, 
and assumir.g t-hat 8,000 B. T. U. per pound are taken up by the 
air passing over the furnace, we have 6 X 8,000 = 48,000 B. T. U. 
furnished per hour per square foot of grate. Therefore, if we 
divide the total B. T. U. required for both warming and ventilation 
by 48,000, it will give us the necessary grate surface in square feet 
It has been found in practice that a furnace with a fire-pot 32 inches 
in diameter, and having ample heating surface, is capable of heat- 
ing two 50-pupil rooms in zero weather. The sizes of ducts and 
flues may be determined by rules already given under furnace and 
indirect steam heating. 

The indirect gravity system of steam heating comes next in 
cof } of installation. One important advantage of this system 
over furnace heating comes from the ability to place the heating 
coils at tlie base of the flues, thus doing away with horizontal 
runs of air pipe, which are required to some extent in furnace 
heating. The warm-air currents in the flues are less affected by 
variations in the direction and force of the wind where this con- 
struction is possible, and this is of much importance in exposed 
locations. The method of supplying cold air to the coils or 
heaters is important, and should be carefully worked out in the 
manner previously de8cril)ed. Mixing dampers for regulating the 
tempui ature of the rooms should be provided for each flue. The 
effectiveness of these dampers will depend largely upon their 
construction, and they should be made tight against cold-air 
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leakage by covering the surfaces or flanges against which the^ 
close with some form of asbestos felting. Both inlet and outlet 
gratings should be provided with adjustable dampers. One of 
the disadvantages of this system is the delivery of all the heat to 
the room from a single point, and this not always in a position 
to give the best results. The outer walls are thus left unwarmed, 
except as the heat is diffused througliout the room by air currents. 
When there is considertible glass surface, jis in most of our 
modern schoolrooms, draughts and currents of cold air are 
frequently found along the outside walls. 

A very satisfactory arrangement is the use of indirect heaters 
for warming the air needed for ventilation, and the placing of 
direct radiation in the rooms for heating purposes. The general 
construction of the indirect stacks and flues may be the same, but 
the heating surface can be reduced, as the air in this case must 
be raised only to 70 or 75 degrees in zero weather; the heat to 
offset that lost by conduction, etc., through walls and windows 
being provided by the direct surface. The mixing dampers are 
also omitted, and the temperature of tlie room is regulated by 
opening or closing the steam valves on the direct coils, which 
may be done either by hand or automatically. The direct-heat- 
ing surface, which is best made up of lines of l|-inch pipe, 
should be placed along the outer walls beneath the windows. 
This supplies heat where most needed, and does away with the 
tendency to draughts. In mild weather, during the spring and 
fall, the indirect heaters may prove sufficient for both ventilation 
and warming. 

Where direct radiation is placed in the rooms, the quantity of 
heat supplied is not affected by varying wind conditions, as is the 
case in indirect heating. Although the air supply may be reduced 
at times, the heat quantity is not changed. Direct radiation has 
the disadvantage of a more or less unsightly appearance, and 
architects and owners often object to the running of mains or 
risers through the rooms of the building. Air valves should 
always be provided with drip connections carried to a sink or diy 
well in the basement. 

When circulation coils are used, a good method of drainage is 
to carry separate returns from each coil to the basement, and place 



183 



44 



HEATING AND VENTILATION. 




s 



WMJLSAS 3Mu»rju at jsmma 



tM 



HEATING AND VENTILATION. 48 

tlie air valves in the drops just below the basement ceiling. A 
check valve should be placed below the water line in each 
return. 

The fan or blower system for ventilation with direct radiation 
in the rooms for warming, is considered to be one of the best 
possible arrangements. 

In designing a plant of this kind the main heating coil should 
be of suflScient size to warm the total air supply to 70 or 75 
degrees- in the coldest weather, and the dbect sui-face should be 
proportioned for heating the building independently of the indirect 
system. Automatic temperature regulation sliould be used in con- 
nection with systems of this kind by placing pneumatic valves on 
the direct radiation. It is customary to caiTy from 3 to 8 pounds 
pressure on the direct system and from 8 to 15 on the main coil 
depending upon the outside temperature. The foot-warmers, ves- 
tibiJe and office heaters should be placed on a separate line of 
piping, with separate returns and trap, so that they can be used 
independently of the rest of the building if desired. Where there 
is a large assembly hall it should be arranged so that it may be 
both warmed and ventilated when the rest of the building is shut 
off. This may be done by a proper arrangement of valves and 
dampers. When different parts of the system are run on different 
pressures the returns from each should discharge through separate 
traps into a receiver having connection with the atmosphere by 
means of a vent pipe. Fig. 35 shows a common arrangement for 
the return connections in a combination system of this kind. The 
different traps discharge into the vented receiver as shown, and 
the water is pumped back to the boiler automatically when it rises 
above a given level in the receiver, a pump governor being used 
to start and stop the pumps as required. 

A water level or seal of suitable height is maintained in the 
main returns by placing the trap at the required elevation and 
bringing the returns into it near the bottom ; a balance pipe is con- 
nected with the top for equalizing the pressure the same as in the 
case of a pump governor. Sometimes a fan is used with the heating 
coils placed at the base of the flues, instead of in the rooms. Where 
this is done the radiating surface may be reduced about one-half. 
This system is less expensive to install, but has the disadvantage 
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of removing the heating surface from the cold walls where it is 
most needed. 

Churches. Churches may be warmed by furnaces, indirect 
steam, or by means of a fan. For small buildings the furnace is 
more commonly used. This apparatus is the simplest of all and 
is compamtively inexpensive. Heat may be generated quickly, 
and when the fires are no longer needed they may be allowed to 
go out without danger of damage to any part of the system from 
freezing. 

It is not usually necessary that the heating apparatus be large 
enough to warm the entire building at one time to 70 degrees with 
frequent change of air. If the building is thorouglily warmed before 
occupancy, either by rotation or by a slow inward movement of 
outside air, the chapel or Sunday-school room may be shut off until 
near the close of the service in the auditorium, when a portion of the 
warm air may be turned into it When the service ends, the 
switch damper is opened wide, and all of the air is discharged into 
the Sunday-school room. The position of the warm-air registers 
will depend somewhat upon the construction of the building, but 
it is well to keep them near the outer walls and the colder pails 
of the room. Large inlet registers should be placed in the floor 
near the entrance doors, to stop cold drafts from blowing up the 
aisles when the doors are opened, and also to be used as foot- 
warmers. 

Ceiling ventilators are generally provided, but should be no 
larger than is necessary to remove the products of combustion 
from the gaslights, etc. If too large, much of the warmest and 
purest air will escape through them. The main vent flues should 
be placed in or near the floor and should be connected with a vent 
shaft leading outbound. This flue should be provided with a small 
stove or flue heater made especially for this purpose. In cold 
weather the natural draft will be found sufficient in most cases. 
The same general rules follow in the case of indirect* steam as 
have been described for furnace heating. The stacks are placed 
beneath the registers or flues and mixing dampers provided. If 
there are large windows, flues should be arranged to open in the 
window sills so that a sheet of warm air may be delivered in front 
of the mndows, to counteract the effects of cold down drafts from 
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the exposed glass. These fluea may usually be made 3 or 4 inches 
in depth, and should extend the entire width of the window. 
Small rooms, such as Yestibules, library, pastor's room, etc., ai'e 
usually heated with direct radiators. Rooms which are used dur- 
ing the week are often connected with an independent heater so 
that they may be warmed without running the large boilers, as 
would otherwise be necessary. 

When a fan is used it is desirable, if possible, to deliver the air 
to the auditorium through a large 
number of small openings. This 
is often done by constructing a 
shallow box under each pew, run- 
ning its entire length, and con- 
ncctiiig it with the distributing 
ducts by means of a pipe from 
below. The air is delivered at a 
low velocity throi^h a long slot, 
as shown in Pig. 36. 

The warm-air flues in the 
window sills should be retained 
but may be made shallower and 
the air forced in at a high 
velocity. 

Halls. The treatment of a Fig. 86. 

large audience hall is similar to 

that of a church, and is usually wanned in one of the three ways 
already described. Where a fan is used the air is commonly 
delivered through wall registers placed in part near the floor and 
partly at a he^ht of 7 or 8 feet above it. They should be made 
of ample size, so that there will be freedom from draughts. A part 
of the vents should be placed in the ceiling and the remainder 
hear the floor. All ceiling vents both in halls and churches should 
be provided with dampeis, havmg means for holding them in any 
desued position. If indirect gravity heaters are used, it will 
generally be necessary to place heating coils in the vent flues for 
use in mild weather ; but if the fresh air is supplied by means of a 
fau there wiE usually be pressure enough in the room to force the 
air out without the aid of other means. When the vent air vraya 
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are restricted, or the air is impeded in any way, electric ventilating 
fans are often used. These give especially good results in warmer 
weather, when natural ventilation is sluggish. The temperature 
may be regulated either by using the double duct system or by 
shutting off or turning on a greater or less number of sections in 
the main heater. After an audience hall is once warmed and filled 
with people, veiy little heat is required to keep it comfortable, even 
in the coldest weather. 

Theaters. In designing heating and ventilating systems- for 
theaters, a wide experience and the greatest care are necessary to 
secure the best results. A theater consists of three parts: the 
body of the house, or auditorium ; the stage and dressing-rooms; 
and the foyer, lobbies, corridors, stairways and offices. Theaters 
are usually located in cities, and surrounded with other buildings 
on two or more sides, thus allowing no direct connection by 
windows with the external air; for this reason artificial means ai-e 
necessary for providing suitable ventilation, and a forced circula- 
tion by means of a fan is the only satisfactory means of 
accomplishing this. It is usually advisable to create a slight 
excess of pressure in the auditorium, in order that all openings 
shall allow for the discharge rather than the inward leakage of 
air. 

The general and most approved method of air distribution is 
to force it into closed spaces beneath the auditorium and balcony 
floors, and allow it to discharge upward through small openings 
among the seats. One of the best methods is through chair-legs 
of special latticed design, which are placed over suitable openings 
in the floor ; in this way the air is delivered to tbe room in small 
streams at a low velocity without drafts or currents. The dis- 
charge ventilation should be largely through ceiling vents, and 
this may be assisted if necessaiy by the use of ventilating fans. 
Vent openings should algo be provided at the rear of the balconies 
either in the wall or ceiling, and these should be connected with 
an exhaust fan either in the basement or attic, as is most 
convenient. 

The close seating of the occupants produces a large amount 
of animal lieat, which usually increases the temperature from 6 to 
10 degrees, or even more ; so that in considering a theater once 
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filled and thoroughly warmed it becomes more of a question of 
cooling than one of warming to produce comfort. 

Office Buildings. This class of buildings may be satisfac- 
torily warmed by direct steam, hot water, or where ventilation is 
desired by the fan system. Probably direct steam is used more 
frequently than any other system for this purpose. Vacuum 
systems are well adapted to the conditions usually found in this 
type of building, as most modern office buildings have their own 
light and power plants, and the exhaust steam can be thus 
utilized for heating puiposes. The piping may be either single 
or double. If the former is used it is better to carry a single 
main riser to the upper story and run drops to the basement, 
as by this means the flow of steam and water are in the same 
direction and much smaller pipes can be used than would be the 
case if risers were -carried from the basement upward. Special 
provision must be made for the expansion of the risers or drops in 
ttiU buildings. They are usually anchored at the center and 
allowed to expand in both directions. The connections with the 
radiatoi-s must not be so rigid as to cause undue strains or lift the 
radiators from the floor. 

It is customary in most cases to make the connections with 
the end farthest from the riser; this gives a length of horizontal 
pipe which has a certain amount of spring, and will care for any 
vertical movement of the riser which is likely to occur. Forced 
hot-watet circulation is often used in connection with exhaust 
steam. The water is warmed by the steam in large heatei's, 
similar to feed-water heaters, and circulated through the system 
by means of centrifugal pumps. This has the usual advantage 
of hot water over steam, inasmuch as the temperature of the 
radiators may be regulated to suit the conditions of outside 
temperature. 

Apartment Houses. These are warmed by furnaces, direct 
steam and hot water. Furnaces are more often used in the smaller 
houses, as they are cheaper to install, and require a less skilful 
attendant to operate them. Steam is probably used more than 
any other system in blocks of larger size. A well-designed single 
pipe connection with automatic air valves dripped to the base- 
ment is probably the most satisfactory in thb class of work 



189 



50 



HEATING AND VENTILATION. 



People who are more or less unfamiliar with steam systems are 
apt to overlook one of the valves in shutting off or turning on 
steam, and where only one valve is used, the difficulty arising from 



TT 



■^ 




Fig. 87. 

this is avoided. -Where pet-cock air valves are used they are 
often left open through carelessness, and the automatic valves, 
unless dripped, are likely to give more or less trouble. 

Greenhouses and conservatories are heated in some cases by 
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steam and in others by hot water, some florists preferring one and 
some the other. Either system when properly designed and con- 
structed should give satisfaction, although hot water has its usual 
advantage of a variable temperature. The methods of piping are 
in a general way like those already described, and the pipes may 
be located to run underneath the beds of growing plants or above 
as bottom or top heat is desired. The main is generally run near 
the upper part of the greenhouse and to the furtherest extremity 
in one or more branches, with a pitch upward from the heater for 
hot water and with a pitch downward for steam. The principal 




Fig. 88. 

radiating surface is made of parallel lines of IJ inch, or larger, 
pipe, placed under the benches and supplied by the return current. 
Figs. 37, 88 and 39 show a common method of running the piping 
in greenhouse work. Fig. 37 shows a plan and elevation of the 
building with its lines of pipe, and Figs. 38 and 39 give details of 
the pipe connections of the outer and inner groups of pipes 
respectively. 

Any system of piping which gives free circulation and which 
28 adapted to the local conditions should give satisfactory results. 
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The radiating surface may be computed from the rules already 
given. As the average greenhouse is composed almost entirely 
of glass we may for purposes of calculation consider it such, and 
if we divide the total exposed surface by 4 we shall get practically 
the same result as if we assumed a heat loss of 85 B. T, U. per 
square foot of surface per hour and an efficiency of 330 B. T. U» 




Fig. 80. 

for the heating coils; so that we may say in general that the 
square feet of radiating surface required equals the total exposed 
surface divided by 4 for steam coils and by 2.5 for hot water. 
These results should be increased from 10 to 20 per cent for ex- 
posed locations. 

CARB AND MANAOBMENT. 

The care of furnaces, hot-water heaters and steam boilers has 
been discussed in connection with the design of these different 
systems of heating, and need not be repeated. The management 
cf the heating and ventilating systems in large school buildings is 
a matter of much importance, especially in those using a fan 
system ; to obtain the best results as much depends upon the skill 
of the operating engineer as upon that of the designer. 

Beginning in the boiler room, be should exercise special care 
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in the management of his fires, and the instruction given in 
" Boiler Accessories " should be carefully followed ; all flues and 
smoke passages should be kept clear and free from accumulations 
of soot and ashes by means of a brush or steam jet. Pumps and 
engine should be kept clean and in perfect adjustment, and extra 
care should be taken wlien they are in rooms through which the 
air supply is drawn, 6r the odor of oil will be carried to tlie 
rooms. AH steam traps should be examined at regular intervals 
to see that they are in working order, and upon any sign of 
trouble they should be taken apart and carefully cleaned. 

The air valves on all direct and indirect radiators should be 
inspected often, and upon the failure of any room to heat properly 
the air valve should first be looked to as a probable cause of the 
' difficulty. Adjusting dampei'S should be placed in the base of 
each flue, so that the flow to each room may be regulated inde- 
pendently. In starting up a new plant the system should be put 
in proper balance by a suitaUe adjustment of these dampers, and 
when once adjusted they should be marked and left in these 
positions. The temperature of the rooms should never be regu- 
lated by closing the inlet registers. These should never be 
touched unless the room is to be unused for a day or more. 

In designing a fan system provision sliould be made for " air 
rotation " ; that is, the arrangement should be such that the same 
air may be taken from the building and passed through the fan 
and heater continuously. This is usually accomplished by closing 
the main vent flues and the cold-air inlet to the building, then 
opening the class-room doors into the comdor ways, and drawing 
the air down the stairwells to the basement and into the space 
back of the main heater through doors provided for this purpose. 
• In warming up a building in the morning this should always be 
practiced until about fifteen minutes before school opens. The 
vent flues should then be opened, doors into corridors closed, and 
cold-air inlets opened wide, and the full volume of fresh air taken 
from out of doors. 

At night time the dampers in the main vents should be 
closed, to prevent the warm air contained in the building from 
escaping. The fresh air should be delivered to the rooms at a 
temperature of from 70 to 75 degrees, and this temperature must 
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be obtained by proper use of the shut-off valves, thus runnhig a 
greater or less number of sections on the main heater. A little 
experience will show the engineer liow many sections to carry for 
different degrees of outside temperature. A dial thermometer 
should be placed in the main warm-air duct near the fan, so that 
the temperature of the air delivered to the rooms can be easily 
noted. 




Fig. 40. 

The exhaust steam from the engine and pumps should be 
turned into the main heater; this will supply a greater number of 
sections in mild weather than in cold, owing to the less rapid 
condensation. 

STEAM FITTINQ. 

In order to design a system intelligently the engineer should 
have some knowledge of the methods of actual construction, the 
tools used, etc. It is customary where a piece of work is to be 
done to send a supply of pipe and fittings to the building some- 
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Fig. 41. 



what greater than is required, and the workman after receiving 
the plans of construction, which show the location and sizes of the 
various pipes to be erected, makes his own measurements, cuts 
the pipes to the proper length at the building, threads them and 
sprews them into plac§. 
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The tools belonging to this trade consist of tongs or wrenches 
for screwing the pipe together, cutters for cutting, taps and dies 
for threading the pipe, and vises for holding it in position while 
cutting or threading. A great variety of tongs and wrenches are 



Fig. 42. 

to be found on the market. For rapid work no tool is superior to 
the plain tongs (shown in Fig. 40), especially for the smaller 
sizes of pipe. The alligator wrench (shown in Fig. 41) is used 
in a similar manner on light work and where the pipes turn easily. 



Fig. 43. 

For large pipe, chain tongs of some pattern are the ^st, and may be 
used with little danger of crushing the pipe. (See Fig. 42.) A 
form of wrench, known as the Stilson, one form of which is shown 
in Fig. 43, is widely iiaed. The wrenches or tongs which are used 



Pig- 44. 

for turning the pipe, in most cases, exert more or less lateral 
pressure, and if too great strength is applied at the handles there 
is a tendency to split the pipe. The cutter ordinarily employed 
for small pipe consists of one or more sharp-edged steel wheels. 
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Tfhich are held in iin adjustable frame (see Fig. 44) ; the cutting 
being performed by applying pressure and revolving it around 
the pipe, A section of one of the cutting wheels is shown in 
Fig. 45. With this tool the cutting is accomplished by simply 
crowding the metal to one side, 
and hence burrs of considerable 
size will be formed on the out- 
side and inside of the pipe. 
Usually the outside burr must 
be removed by filing before the 
pipe can be threaded. The inside 
burr forms a great obstruction Fig. 45. 



to the flow of steam or water, and should in every case be removed 
by the use of the reamer. There are many foiioB of reamers for 




Pig. 46. 

use in various cases ; one of the simplest is shown in Fig. 46. 

Tlie ratchet drill is another tool often used, and is especially 
useful ill drilling holes in pipes or fittings after the work is in 
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place. One oi these is shown in Fig. 47. A common form of 
vise used for holding the pipe while cut- 
ting and threading is shown in Fig. 48. 
The combination vise is shown in Fig, 49. 
The dies for threading the pipes are 
osuallj of a solid form, each die fitting 
into a stock or holder with handles. (See 
Fig. SO.) The cutting edges of the dies 
should be kept very sharp and clean, other- 
wise perfect threads cannot be cut. In 
cutting threads on wrought iron pipe, oil 
should always be used, which will tend ,to 
prevent heating and crumbling, and make 
the work easier. In erecting pipe great 
care shbuld be taken to preserve the proper 
pitch and alignment, and to appear well Fig. 48. 

the pipes should he screwed together until 



Fig, 49. 
no threads are in sight. Every joint should be screwed from 
6 to 8 complete turns for sizes 2 inches and under and from 8 
to 12 turns for the larger sizes, otherwise there will be danger 
of leak^e. 

In screwing pipes together, red or white lead is often used. 
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It will generally be found that linseed or some good lubricating 
oil will be equally valuable. If possible, the work should be 
aiTanged so that it can be made up with right and left couplings 
or other fittings. 



Fig. 60. 

Packed jointa, especially unions, are objectionable anij likely 
to leak after use. Flange-unions with copper gaskets should be 
used on heavy work. Good workmanship in pipe-fitting is shown 
by the perfection with which small details are executed, and poor 
workmanship in any of the particulars mentioned may defeat the 
perfect operation of the best designed plant. 



PLUMBING 

PART I 



Plumbing occupies an important position among the trades as 
an application of Sanitary Science. 

Sanitary science is defined by an eminent authority* as "that 
body of hygienic knowledge, which, having been sufficiently and 
critically examined, has been found so far as tested to be invariably 
true. Its phenomena are natural phenomena; its laws are natural 
laws; its principles are scientific principles." 

The same authority defines the sanitary arts as *'those methods 
and processes by which the applications of the principles of sanitary 
science are effected," and would include plumbing with other practical 
arts of construction involved in sanitary engineering and architecture. 

Having thus noted the position occupied in this broad field by 
the matters under consideration, we may define plumbing as the art 
of placing in buildings the pipes and other apparatus used for intro- 
ducing the water supply and removing the foul wastes. 

Historically, the plumber is primarily one who works in lead; 
but this definition would be a misnomer appUed to the handicraftsman 
of to-day. While in time past, and even within the memory and 
practice of men now working at the trade, it suited the occupation 
designated as plumbing, the term "plumber" survives the transition 
from lead to iron more by reason of estabHshed usage than from its 
fitness to indicate the workman of the present. 

Two score of years ago, traps and soil,Vaste, and supply pipes 
were in many localities almost wholly of lead ; and much of the larger 
pipe was hand-made. Lead was then everywhere more frequently 
used for all these purposes than it is anywhere in the country now. 
To-day, first-class plumbing is possible in any type of building with- 
out employing a vestige of lead, and that, too, with fixtures and fittings 
regularly on the market. Lead, however, is still used to a marked 
extent in plumbing, principally for traps, pipe connections, calked 
joints, water-service pipes, tank linings, flashings, etc. Its retention 
for these secondary purposes is due generally to superior fitness; yet 

♦ The PrincipUt of Sanitary Science, by Wm. T. Sedgwick. 
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in some instances it is because of the style of connection provided on 
certain fixtures, or for other reasons independent of the merits of the 
metal. On the whole, its loss of prestige has been slow and impartial. 
Indeed, those manually skilled in the manipulation of lead have often 
opposed the adoption of other materials sufficiently to retard sub- 
stitution of the better. 

Lead has unequaled merit for plumbers' use in specific instances; 
and if the trade has suffered by injudicious substitution of other 
material during its rapid evolution in recent years, time will adjust 
the error as the fitness of lead becomes apparent. For service lines 
in the ground, no other material lasts longer or gives more satis- 
faction than lead, provided the use of lead is safe with the particular 
water which flows through it. For cold-water lines inside buildings, 
it answers well. Wood tanks properly lined with lead are, in many 
cases, the best for indoor storage. 

Lead pipe is not self-supporting in any position, in the sense 
that iron or brass may be considered so; and the providing of reason- 
ably permanent support for lead work is an expensive item. Lead 
pipe costs more than iron or brass, in every case; and the cost increases 
proportionally with the extra weight necessary for all but very light 
pressures; while ordinary merchant's iron pipe, or seamless brass 
pipe of iron-pipe size, will withstand the pressure of any municipal or 
private supply in America. 

Lead does not serve well for hot water. The contraction while 
cooling appears not to equal the 'expansion from heating; hence the 
pipe deteriorates at the hottest points, usually showing weakness 
first near the reservoir in the kitchen, especially at bends, and finally 
crystallizing beyond repair at those points. So much trouble has 
been experienced with stove and range connections of lead, that lead 
pipe for this purpose has been entirely abandoned. The wish to 
install something better suited than lead for hot-water service, is in 
large measure responsible for the general adoption of other material. 
Hot and cold supply lines that are dissimilar in material, in diameter, 
in joints, and in fastenings, are so unsymmetrical and out of harmony 
in every way that no mechanic is willing to install them for a sli^t 
real or fancied betterment. 

With reference to the action of frost, lead pipe has an advantage 
in that the diametrical expansion of the water when freezing does not 
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burst the pipe at the point frozen, unless it has been repeatedly swelled 
from the same cause. Lateral extension of the core of ice in the 
portion frozen, crowds the water which it cannot compress; and, as 
the ice is frozen to the wall of the pipe, the weakest place ruptures. 
Sometimes a faucet ball will be driven in, and occasionally a coupling 
collar will be stripped of its threads; but usually room is made for the 
extra volume of the water by the pipe swelling to an egg-shape and 
bursting at one point. Such a break can be repaired by wiping a 
single patch or joint on the original pipe. 

Frost breaks in lead pipe nearly always occur on the house side 
of the point frozen, because the water in the street end is easily driven 
toward the main. Air-chambers on the house service would often 
obviate the bursting of lead pipe; but where the type of faucets or a 
limited pressure does not require their use in order to prevent reaction, 
plumbers frequently omit them, under the impression that air-cham- 
bers can serve no other good purpose. 

With iron pipe, frost breaks are more serious. Diametrical 
expansion splits the pipe at the point frozen every time freez- 
ing occurs; and lateral extension of the ice staves in the faucet 
stems, etc., quite as frequently as would happen with lead pipe under 
the same conditions. Of late years, the improvement in types of 
buildings, more careful provision against frost on the part of plumbers, 
and the vigilance of the Weather Bureau in giving warning of ap- 
proaching cold snaps, have made insignificant the amount of damage 
by frost in both kinds of pipe. 

Lead pipe, as a rule, requires less trench work on ground lines 
than iron pipe, because drilling, even if very poorly aligned, will often 
suffice to get the pipe in place. There are numerous instances, how- 
ever, where longer stretches of iron pipe have been placed in drilled 
holes than would be practicable with lead at the same excavating 
cost. It is well to remember that any small line of house service in 
the ground should be placed deeper, so far as immunity from frost 
alone is concerned, than is necessary for the protection of large pipes 
in the same locality, because the volume of contents in house pipes is 
small, the wall surface of the pipe relatively large, and the flow of the 
water not so regularly maintained. 

The action of natural waters on lead has been a matter of wide 
discussion by able tnen. The subject of possible contamination of 
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water supply through the agency of lead conduits, is too broad, how- 
ever, for full consideration here, and will therefore be but briefly 
touched upon. This trait of lead has been voiced against its use, 
with more or less effect; but known cases of poisoning from this 
source have been exceedingly rare. Galvanized-iron pipe charges 
the water with salts of zinc when the water contains certain impurities; 
and most other kinds of pipe are also more or less open to objection 
at times by reason of their injurious effect on the water, the staining 
of fixtures, etc. Some of the salts of lead formed by the agency of 
water conveyed through lead supply pipe, are protective. Others, 
without doubt — fortunately of rare occurrence is actual practice — are 
corrosive. Sulphate or phosphate of lime, in solution, will part with 
its acid in passing through lead pipe, the acid combining with a new 
base (lead) and forming sulphate or phosphate of lead as the case 
may be. Chloride, sulphate, nitrate, borate, and other compounds of 
lead, may be similarly formed. These incrust the pipe; and such of 
them as are practically insoluble in water protect the lead from further 
attack, thus preserving the quality of the water. Carbonate, sulphate, 
and phosphate of lead, which doubtless form most frequently in lead 
water pipes, belong to the protective class. Of course, not all the 
compounds mentioned are encountered in any one source of supply. 
Chemical compounds designed to produce an insoljuble incrustation 
have sometimes been purposely placed in solution, and allowed to 
stand in systems of lead supply pipe where it was known that the 
water to be commonly used would otherwise be dangerously corrosive. 
In view of the possibility of such precautionary measures, the dele- 
terious effect of lead on many water supplies, and the consequent 
menace to health if lead were used indiscriminately, could hardly alone 
to any appreciable extent insult in the substitution of pipe of other 
material. 

Lead has been thus dwelt upon at the outset,-because the industry 
of plumbing itself derived its name from this metal {Plumbum, Latin 
for "lead"). A discussion sufficient to define broadly the present and 
past status of the metal in the plumbing business, is certainly apropos 
in this connection. To many persons, the term "Plumbing" sug- 
gests lead and lead work generally, without regard to its distinctive 
forms, some of which are quite foreign to the ordinary trade meaning. 
To those acquainted with the building practices of Europe, visions of 
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lead-covered roofs and spires, rainwater heads, etc., in addition to 
manifold other uses of the metal not common in America, may come 
to view in the mind's eye when "plumbing" is mentioned. To Ameri- 
can plumbers of the past generation, "plumbing" suggested stacks of 
hand-made lead toil and waste pipe; hand-made lead traps; lead 
"safe" pans cumbersomely boxed-in under fixtures; ridiculously 
small lead ventilation pipes; lead drip-trays; lead supply pipes 
(sometimes also hand-made); all "wiped" joints and seams; and 
blocks, flanges, braces, boards, and boxes galore, jutting out in pro- 
fusion, for supports, covering, etc. 

In reality, we in America have now but little of what the name 
"plumbing" would lead the uninitiated to expect. Stacks of plain or 
galvanized wrought-iron pipe, or of plain, tarred, or galvanized cast- 
iron pipe, of weight to suit the height of building and to serve as main 
soil, waste, and ventilation pipes, with sundry lead bends and ends for 
fixture connections — these, with galvanized wrought-iron or brass pipes 
for supply, constitute the "roughing-in" stage of a job of plumbing; 
while painted or bronzed main lines exposed to view, galvanized-iron 
and nickel-plated brass pipe, with fixtures, partitions, etc., make up a 
view of the finished work, conveying little idea of the functions and 
importance of the unseen portions. Finished work in an unpreten- 
tious dwelling or storehouse, when properly charted, is fairly easy for 
even the house-man to understand. In large apartment and ofiice 
buildings, department stores, etc., however, the plumbing, ventilating, 
gasfitting, heating, and automatic sprinkler pipes and electric con- 
duits, make, in any but the finished state, a maze of pipe beyond the 
understanding of any except engineers well versed in those lines of 
work. In the completed work, the details are concealed. The toilet 
rooms present an orderly perspective of closets, lavatories, or other 
fixtures, as the case may be, with simple connections according with 
the customary finish, kind, or purpose of the pipe. 

This apparent harmony, proportion, and siniplicity in the result, 
coupled with a memory of sundry glimpses of a confusion of pipes in 
the rough state, has, it is to be regretted, propagated in many minds, 
a sense of false security regarding plumbing, based on the assumption 
of the plumber's evident ability to produce order and perfect service 
out of what in the "roughing-in" stage looked chaotic to a hopeless 
degree. The bulk of plumbing work, however, is not of the "sky- 
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scraper" class, nor is it handled by the same type of skill and superin- 
tendence. Any feeling of confidence or sense of security on the part of 
the public, is treacherous if based on the assumption that only by a 
degree of skill in direct proportion to the size of the job can satis- 
factory plumbing service be provided in residential and other small 
buildings. There is evidence of a somewhat indifferent state of the 
public mind regarding the plumber and his work, induced by the 
reasons stated and also by lack of due consideration and appreciation 
of conditions wrought by progress in other trades. 

Plumbing, in its advancement, is merely keeping pace with the 
allied lines on which it is dependent. Their progress has created new 
conditions to be met; and as the future plumber will hail from the 
ranks of the populace, the light in which the public regards the plumber 
and the importance of his trade will have no uncertain bearing on the 
character and earnestness of those who take up the calling. The 
rank and file of apprentices have already too long been attracted 
merely on the score of a promising means of livelihood. There is 
ample reason to begin a plumbing career with all the pride felt by 
followers of any other vocation. It is altogether improbable that any 
individual ^dll be found with so much education or such promising 
ability as to give rise to just grounds of fear that plumbing will not 
offer him sufficient scope to acquit himself with dignity. 

The advent of tall buildings, the general increase in the height 
and other proportions of buildings in cities, and the changes in 
material and in design of fixtures, together with the abnormal demand 
resulting from the decreased cost, natural growth, arid gradual awak- 
ening through education to the value of sanitary conveniences, have 
brought about a condition of affairs which the old-line plumbers were 
incapable of coping with, and which the old apprenticeship system 
was inadequate to provide men capable of dealing with in a creditable 
manner. The plumbing of one large building involves as much work 
as hundreds of the average small jobs put together. The handling 
of such work under the conditions that have prevailed, has developed 
a deplorable state of so-called ''specialism." Men engaged in "rough- 
ing-in" a large job are likely to tell you with entire truthfulness that 
they have no idea what types of closets or other fixtures are to be used ; 
that they know nothing of the principles or merits of plumbing fix- 
tures, and do not need to; that they never connected a fixture in their 
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whole career; that the finishers do that kind of work. By further 
inquiry one would find the "finishers" utterly at sea in the work of 
"roughing-in/' and accordingly ignorant of the whys and wherefores 
that govern the success of a job as a unit. These men, called "plumb- 
ers," are exceedingly skilful and rapid within their limitations; but 
it is easy to infer the fate of a job intrusted to such hands alone, and 
in practice it has been proven that others of metropolitan practice, 
and merely lacking in variety of experience, were not capable of credit- 
able results on general residence work of the ordinary class. 

When the largest jobs were completed in a comparatively short 
time, and when much of the training which went to make up the 
plumber's accomplishments was credited to the manual practice neces- 
sary to master the working of lead and solder, a period of service in 
shop and job practice, coupled with oral instructions from the journey- 
man, served fairly well to make a plumber out of raw material within 
the period allotted by the American abridgment of the apprenticeship 
term. On the work of to-day, however, there would be great chances 
of an apprentice serving such a term without seeing anything of more 
than from two to five jobs. He would be lucky if it fell to his lot to 
get even a little experience in each of the natural divisions of those 
jobs; and again fortunate if those jobs happened not to have the same 
general layout or to employ identically the same make of fixtures, for 
there are many shops which seem to have the faculty of securing 
work from certain particular sources, and which are equally likely for 
one reason or another to be recommending and using, where possible, 
one particular make of goods to the exclusion of other kinds just as 
good or better. These and kindred features now met with on every 
hand in practice, are stumbling-blocks — prohibitive, in fact, of anyone 
learning the plumbing trade within any period of time that can sensibly 
be prescribed for the acquiring of a trade or profession. 

For more than a decade, the often-avowed reluctance of journey- 
men to teach apprentices has been held responsible for the trend of 
these aflFairs aflFecting the practice of the industry; but in the light of 
what has been said, it is easy to determine what it was that really intro- 
duced the Plumbing Correspondence School and Plumbing Trade 
Classes. It was necessity. Trade journals have done and are still 
doing good work in this line ; but their best efforts, added to the oppor- 
tunities of practice, were insufficient. There was no other satisfactory 
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solution than the Correspondence School — no other route to the 
acquisition of principles and acquaintanceship with the accumulated 
information as to the relative merit or fitness of certain materials, 
designs, systems, etc., and as to the conditions under which this or 
that would serve well, while it might act just the reverse under other 
circumstances. 

Under the present regimCy it is not only apprentices and those 
who intend becoming such, but journeymen as well, that need to seek 
aid in the schools. The citizen at large, also, serves his own interest 
in informing himself in a general way at the same fountain, so as to 
be able to discriminate for himself in matters pertaining to plumbing. 
Furthermore, any real plumlx^r would prefer that his customer should 
be familiar with the work in hand. Fewer misunderstandings occur 
when such is the case, and there is a keener appreciation of good 
work on one hand and a corresponding effort to merit approval on the 
other. There is, too, in favor of the plumber, when the customer is 
informed, an absence of those niggardly tactics of trying to secure 
much for little, of sacrificing quality and future satisfaction by reducing 
first cost below the safe limit. The well-informed customer never 
makes you feel that all plumbing is alike to him and a necessary evil 
to be paid for at rates far in excess of its value. 

With the foregoing introduction in mind let us look further into 
the subject and see what "Plumbing" really is. Whether we are 
actual or self-nominated apprentices, journeymen, masters, or the 
prospective customer himself, a view of the matter will be beneficial, 
if only in the sense of refreshing memory. 

There was a time when sanitaiy conveniences^ crude in com- 
parison with the present, were considered mere luxuries. Under 
the present views of life and the conditions of living, we may with 
greater propriety consider these erstwhile luxuries as actual neces- 
sities, though they are often luxurious to a degree that dwarfs into 
insignificance other appointments which even then were granted to 
be essentials. Plumbing is, therefore, neither in fact nor in opinion, 
a matter of simple luxurj^ for the rich and delicate, but is, rather, an 
important subject of deep salutary interest on the one hand and of 
business acumen on the other — a matter of essentials deeply affecting 
the best inten\sts of our own health and that of our neighbors, with 
which mere sentiment has no ground for association. The time 
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when it was thought sufficient to fan out the mosquitoes in summer 
and break the ice in winter at the family rain barrel in order to wash 
our face3 and hands, has passed. A dwelling job may now embrace 
almost the entire range of plumbing fixtures. There is therefore 
no better example from which to build a word-picture of Plumbing. 

PLUMBING FIXTURES 

Bathtubs. Bathtubs are a prime factor in plumbing. They are 
of various types: — (1) Wooden cases, with sheet-metal lining, usually 
copper, on the order shown in Fig. 1; (2) all copper, and steel-clad, 
suitably mounted, as shown in Fig. 2; (3) cast iron, enameled, with 
a vitreous glaze fused on the iron, as in Figs. 4 and 5; (4) solid porce- 
lain, potter's clay properly fired, with vitreous glaze fired on, as in 
Fig. 3; and (5) marble, variegated or otherwise, cut from the solid 
block. Their cost ranges in the order mentioned. 

The relative merit of the diflFerent materials and types is not so 
easily designated. Porcelain and marble baths are large, very heavy, 
and imposing-lookingi and therefore are often selected on the score 
of massiveness, with a view to harmonizing with the dimensions and 
finish of the house. One would suppose the mass of material in such 
baths would have the eflFect of cooling the water to an annoying extent; 
but careful tests have revealed no appreciable diflFerence in the eflFect 
of thin as compared with thick bathtubs on the warmth of water, and 
but little in their pleasantness of touch to the person. The bath of 
most pleasant touch was that of indurated wood fiber, which, how- 
ever, had but little commercial success, on account of its lack of 
stability. 

Most baths are made in from two to five regular sizes, ranging 
from 4 to "6 feet in extreme length. The general shapes are the 
French (Fig. 3); the Modified French (Fig. 4); and the Roman 
(Fig. 5). The various French patterns haye the waste and supply 
fittings at the foot, which is modified in form to accommodate them. 
The waste water travels the length of the tub to reach the outlet, and 
generally leaves scum and sediment on the interior while emptying. 
Baths of the French type are suited to corner positions, or to positions 
in which one side runs along the wall; but the ideal position for a 
bathtub, in the interest of cleanliness, is with the foot end to the wall, 
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Fig. 1. Wooden Case 9athtub. with Sheet-Metal Lining. 





Pig. 2. All-Copper, Steel-Clad Bathtub. 




Fig. 3. Solid Porcelain Bathtub, French Type. 
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thus permitting entrance from either side. A medium size is best 
suited to the usual provision for supplying hot water for bath pur- 
poses; and is also preferred by many because the feet reach the foot, 
enabling a person, when submerging the body, to keep his head 




Fig. i. Enameled CasMron Bathtab. Modified French Type. 

out of water, with his shoulder resting on the slant at the head of 
the tub. Where the house supply is pumped by hand, the medium 
size of any kind of bath is advisable. 

The rims of baths vary from 1 J to 5 inches in width. The larger 
rims are easy on the person in getting in and out of the bath, and are 
often used in lieu of a bath seat. In iron baths with rims large 
enough, the fittings are generally passed through the rim, as illus- 
trated in Fig. 6, thus giving them additional stability and making 




Fig. 5. Enameled CasMron Bathtub, Roman Type. 

the stated fixture length include the whole space necessary for its 
installation. This style of bath fitting is shown in Fig. 7. 

Nominal sizes of baths now include the whole length of the fix- 
ture proper. Formerly many awkward mistakes resulted from lack 
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of uniformity, one not always knowing whether to consider the nominal 
size as inside measurement only or including twice the rim width. 
In cast tubs, actual measures vary slightly from the nominal, because 
of the furnace effect when heating to enamel. The variation, however, 
is not sufficient to be considered in noting the space required, or to 
require any advance in roughing-in measurements. 

Roman baths have ends alike, with the fittings at the center of 
one side, as illustrated in I^g. 8, and the waste outlet at the center 
of width and length. In general, they empty with better effect, and 
may be placed in either right or left comer or free of all the walls; 




Pig. e. Fittings Passed through Rim oCEnam- Pig. 1. Style o[ Bittb Ptt- 

eled-Iron Batbcub. to Qlve Additional ting Intended to Pass 

St&biUtf, Ibrough Rim orTuO. 

but the best position, everything considered, is with the fitting side 
near the wall, and not against either end of the room. 

Any finish for iron bathtubs, other than plain paint, should be 
put on at the factory; iron surfaces cannot be ground and the suc- 
cessive coats o£ paint dried on in place, properly or cheaply. 

Waste fittings and the outlets of baths have always been made 
too small. Slow emptying takes valuable time, and results in the ad- 
herence of scum, which necessitates careful cleansing of the bath 
before it is used again. 

The fittings of baths are not interchangeable unless the oblique- 
ness of the tub walls and the depth and drilling agree. The styles of 
fittings are universally applicable, except that double bath-cocks 
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(Fig. 9) are never placed on Roman baths. All double cocks are 
provided with detachable coupling and sprinkler, which, fitted to 
hose, provide a means of spraying the body. Independent spray, 
needle, shampoo, and 
overhead shower fixtures, 
simple and in combina- 
tion, with or without cur- 
tains, are made for use 
with the various tubs, the 
tub serving as a receptor 
for the falling water. 

The cheapest serv- 
iceable bath fittings are 
a Double Cock and Con- 
nected Waste and Over- 
flow. These are shown 
in Fig. 10. Bell Supply 
and Waste fittings, a spe- 
cial tVPe of which is ^K- 8. Showing Central Location of Fittings and 
■^ \ ^ Waste Outlet In Roman Bathtub. 

shown in Fig. 11, are 

singularly popular, the water being retained by a ring valve at- 
tached at the bottom of the overflow pipe, and operated by means of 
a knob projecting above and through the top of the waste standpipe. 
This takes the place of the ordinary plug and chain used with the 
simple overflow. The supplies are made and fitted in combination 
with the waste arrangement, with the valve handles projecting above 
the rim of the bath, the two supplies being delivered into a common 

yoke-piece, where they mix and flow 
through a common passage to the 
bell-piece fitted through the vertical 
wall near the bottom of the bath. 
With the usual slotted-bell delivery, 
these fittings are a nuisance in one 
respect. Water cannot be drawn 

Fig. 0. Double Bath-Cock. Never Used intO a VeSScl through the bell for 
on Roman Bathtubs. i. • i 

any ulterior purpose; and as no 
vessel of considerable capacity can be filled at the lavatorj' faucets, 
or at a sitz or a foot bath, the sink faucets are the only resort unless a 
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slop sink is available. Nozzle-delivery bells, which aflFord some relief 
in this respect, are made; and hand sprays used in conjunction with 
them avoid the expense of special shower fixtures, which would other- 
wise be essential if shower or spray were desired at all. 

A modification of these fittings, termed '^Top-Nozzle Supply and 
Waste" (Fig. 12), overcomes this objection to the strictly "Bell Supply" 
type. It has a high nozzle delivery projecting into the tub, and is 

fitted for spray attachment. The 
inward projection is much less 
than with a double cock, which, 
in a short bathtub, would occupy 
much needed space. The noise 
of falling water, obviated -with the 
bell placed low, is the same as 
with the double cock; and the 
mixing space, intermediate be- 
tween that of a cock and the regu- 
lar bell delivery. 

An element of danger is in- 
herent in a bell-supply outlet 
placed so low down as to be sub- 
merged when the tub is in use. 
If the supply is opened when the 
tub contains dirty water, and the 
pressure of water is lowered by 
accident or by opening faucets 
elsewhere, it is quite possible that the fouled water will be drawn 
back through the bell or nozzle into the supply pipes, thus, perhaps, 
contaminating the water for domestic use. For this reason, cocks 
which discharge near the top edge of the fixture, above the level of 
the water, are increasingly used at present. 

For private use, where both children and adults are to be regu- 
larly served, the bathtub is the only fixture answering the require- 
ments. As the physical conditions of the members of the family are, 
or should be, mutually known, and the tub will be regularly cleansed 
between baths, any possible chance of communicating humors of the 
skin through the bath can be guarded against. For institutions and 
general public use, the tub bath is open to serious objections, some of 




Fig. 10. Common Type of Double Cock and 
Connected Waste and Overflow. 
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which apply as well to private use. The water for a tub bath is at its 
best when first drawn into the tub; and the per- 
son, before bathing, is certainly in condition to 
pollute it more or less. As the bathing process 
nears completion, these conditions are exactly re- 
versed. Tubs used by the public may not be 
carefully cleansed between times of use, and the 
bather is ignorant of the condition both of the 
tub and of the person who used it previously. In 
institutions for the insane and feeble-minded, un- 
scrupulous attendants have been known to bathe 
several persons in the same water. Lai^ pools 
are better, but still not ideal; nor are they always 
suitable or practicable. 

Shower Baths. Shower or rain baths are 
commonly installed in barracks, gymnasiums, 
and schools, and are no longer unusual in private 
dwellings. Some of the objections to the tub bath, 
which have been stated, are entirely avoided bj 
the shower fixture with its supply of running water. 

Those who have studied the hygienic effects — 

, , , . .Fig. II, Bell Supply and 

- - produced by the action of waaiBPit^gH. 

jets or streams on the surface of the body, 
urge very strongly that the impact results in 
stimulating the proper action of the skin. This 
is the opinion of most persons who have had 
experience with such apparatus. 

The older fonns of showers, which direct the 
water vertically upon the head of the bather, 
are not so desirable as those in which the out- 
let is inclined and phiced at about the level of 
the shoulders, thus avoiding wetting the head 
unless desired. Indeed, all the essentials of a 
bath of this form are met by a water-supplied 
rubber tube discharging at about the level of 
Tig. 1% ToivNM.ie sup. t^e waist over a tight floor or pan provided 

^j and Wa»M FlttlnRs. ^j^j^ ^ ^^^ 

Aside from the shower baths that may be provided in conjunction 
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with a bathtub, one type of which is shown in Fig. 13, many designs 
are fitted to floor-pans, called receptors, usually having a curtain, 

as in Fig. 14, thus providing for 
private installations a great va- 
riety of complete showering and 
spraying appointments. The re- 
ceptors may be enameled iron, 
porcelain, or marble. A cement 
or asphalt floor, sloping to a drain, 
is simple and eflFective. 

In lieu of the full curtain and 
regular receptor capable of pro- 
viding six to eight inches' depth of 
water, and having tub-like supply 
and waste fittings in addition to 
the shower features, a shallow 
base of marble provided with a 
drain and having three marble 
sides, such as is shown in Fig. 15, 
can be provided with any pre- 
ferred type of shower fittings. The 
overhead douche, already noted, 
set at an angle, with flexible joint 
for adjustment, as seen in Fig. 16, 
so that the body can be played on 
without wetting the hair, is not 
often fitted to private shower fix- 
tures, as it requires considerable 
additional space. A rubber cap 
for the head enables one to use 
the vertical shower with a fair 
degree of satisfaction. 

A point concerning shower fix- 
tures and relating to the safety of 
the user, to which special attention 
should always be given, is tliat of 
the valve arrangement. If the design renders it at all possible, as some- 
times is the case, one is apt inadvertently to scald himself by at first 




Pig. 13. Type of Shower Hath Provided in 
Conjunctiou with Bathtub. 
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turning on hot water alone. The chances of injury in this way 
increase with elaborate combinations, if not carefully guarded against 
by the designers; and we should not take it for granted that they have 
provided such safeguards. As a rule, reliable makers do embody 
ample mixing chambers, thermometers, etc., in such apparatus. 




^ 



where necessaiy, and they regulate the control of hot-service valves, 
or in some other way render the improper use of them unlikely. 

Sitz Baths. These are primarily for bathing the hips and loins 
in a sitting posture, but may be fitted with special features as ordered. 
Porcelain and enameled iron are the usual materials. The fixtures 
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approximate in dimensions 15 inches in height at front and 26 inches 
at back, and are 26 to 30 inches wide. In the back, at a proper height, 
in a complete fixture, like that shown in Fig. 17, is a horizontal slit ac- 
commodating fittings for a "Liver Spray" — ^a wide wave-like spray of 
water, either hot, cold, or of intermekliate temperature, as suits the 
person. In the bottom, in conjunction with the outlet, is a hot or 

cold douche, equally 
under control of the 
user. In the center 
of the douche, and 
operated indepen- 
dently,isaBidet jet. 
These provisions 
are entirely sepa^ 
rate from and in- 
dependent of the 
regular supply fit- 
tings, but one waste 
fitting is used in 
common for all. 
The simple sitz 
bath has the regular 
Bell Supply and 
Waste, like those 
used on the bath, 
the dimensions be- 
ing diminished to 
suit. For the ex- 

Plg. 16. Shower-Bath Fittings with Overhead Douche Set at traordinarv fear- 

an Angle on a Flexible Joint. "^ 

tures, these fittings 
are merely adapted in a way to give the user convenient control. 
For all but the simplest fixtures, the control appliances are in- 
variably fitted through the rims, the valve handles being provided 
with proper indices to guide the user. Bidet jets in combination 
with sitz-bath fittings, have to a great extent curtailed the use of 
separate Bidet fixtures. Bidet jets have often been added to a 
water-closet, but a satisfactory application cannot be made to a 
closet. Separate Bidet fixtures are now rare, but are furnished by 
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fixture makers; and in isolated cases, where frequenter regular use is 
necessary, are preferable to any combination with a fixture used for 
other purposes. 

The sitz bath is conveniently used for a foot-bath, thus making 
this fixture doubly useful. Indeed, the sitz bath is a more comfortable 
means of bathing the feet than is the foot-bath itself. Children's bath- 
tubs, small, and elevated by legs to the height of a lavatory, are made, 
but no well-defined demand exists for them. Greater convenience 
to the nurse, the use of less water, and quicker filling and emptying, 
are the only points in their favor. 

Foot-Baths. The foot-bath is a small rectangular tub with proper 
*eet and rim, fur- 
iiished with supply 
and waste of the 
regular bath pat- 
tern, diminished to 
suit. The sizes av- 
erage say 12 inches 
deep, with 20-inch 
sides. The feet 
make the total 
height about 18 
inches. Fig. 18 
gives a good idea of 
the usual enameled- 
iron foot-bath fixture. Enameled iron and porcelain are the usual 
materials. They require even less water than the sitz bath, but, as 
before said, are not so convenient for the purpose as the sitz fixture, 
and are not installed except in the most spacious and elaborate bath- 
rooms. The foot-bath would serve admirably as a child's bath, ex- 
cept that it is too near the floor. 

Bidet Fixtures. The majority of leading fixture makers do not 
now catalogue these. They consist essentially of a pedestal like a 
closet pedestal, with bowl and rim contracted in the center, giving 
an outline something like the figure 8. Proper fittings to operate the 
jet and waste are provided. Porcelain is the material. As men- 
tioned before. Bidet jets are furnished in combination with receptor 
shower fixtures, as well as with sitz baths. 




No. 17. Sitz Bath, with Complete Fittings. 
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Drinking Fountains. Drinking fountains are now frequently 
used in stores, schools, and residences, the various fixtures adapted 
to such installations being readily obtainable. The basins or drip- 
slabs for public indoor fountains, are often cut to order by the manu- 
facturer; and the cooling and faucet arrangements are provided by 
the plumber. Porcelain, enameled-iron, and marble fountains of 
stock designs are made. For schools, trough-like basins, either with 
open spouts for continuous streams, or with self-closing faucets, as 
shown in Fig. 19, are frequent. The fixture shown in Fig. 20, con- 
sisting of solid porcelain, in which the recessed drain-slab and the 

<t^^ d ^Aat ^^^ hack constitute a single 

^>r^ " ISl ^^ piece, is of recent design, pre- 

sents an excellent appearance, 
and has the .advantage of being 
easily kept in immaculate condi- 
tion. The three deep waste out- 
lets, above each of which is a 
faucet, afford facilities to many 
users in a short space of time. 
One device which serves well 

Pig. 18. Common Type of Enameled-Iron foj. common USe. is the Oldinarv 

lavatory, provided with a stiff 
perforated bottom fitting extending well up toward the top of the bowl. 
This, with a proper faucet on the slab, and a cup-chain fitted to the 
extra faucet-hole, makes a useful but not attractive fixture. 

Recessed porcelain and enameled fountains designed to be placed 
in wall niches, and having concealed connections, as suggested by 
Fig. 21, are neat, and require very little room outside the finished wall 
line. Countersunk slabs with strainer waste, with back either integral 
or separate, as design or material dictates, are made in marble and 
porcelain. Marble fountains are adaptable to any location, because 
the slab and back can be cut to any shape or dimensions preferred. 
The fountain proper, faucet, cup, and pipe waste connection, with 
strainer, are all that is supplied by the makers. 

A type of fountain shown in Fig. 22, is provided with a flowing 
jet of water from which one can drink without placing the lips in 
contact with any metal surface. The small central bowl or cup is 
constantly submerged and cleansed in the stream of water which 
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passes outwardly over it, thus avoiding the danger incident to the 
common use of the same drinking cup by many persons. The surface 




Fig. 10. School Drinking Fountain— Enameled Iron, with Self -Closing Faucet. 

does not aflFord lodgment to possible germs of disease, which are most 
liable to transmit contagion when allowed to become dry and adhere 
to a surface. 

Lavatories. Lavatories are made from porcelain, enameled iron, 
marble, and onyx, in numerous patterns. The number of designs is 
so large that they are best understood if considered in the classes into 
which they may be 
divided. In marble 
and onyx fixtures, 
the slab, back, and 
bowl are necessarily 
separate pieces. In 
any but very accu- 
rate fitting and 
erecting, the un- 
avoidable joints 
soon, if not from 

the befirinninfiT in- Fig. 20. Porcelain Drinking Fountain. Recessed Drain-Slab 
^ ^» and High Back In One Piece. 

vite the accumula- 
tion of dirt. Poor workmanship, settling, abortive countersinks, and 
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faucet Iwsses not cut free within the countersink, have in many cases 
brouglit slab tj-pes of basins into unjust repute, or, at least, have 
given basis for st^ng talking points against them, which have 
I)een effectively so used. If made and installed in the most 
approved manner, these styles, properly cared for, offer little 



Fig. 21. Porcelain Beceased Drinking Fountain. 

reiison for severe criticism. One fact, however, must be bome in 
mind when comparing marble with other materials used for plumb- 
ing fixtures — namely, that marble is not an impenneable stone. 
Nearly all marbles (excepting only the very hardest and most dense) 
are quite absorbent, and depend upon the surface finish given to the 
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slab to resist the entrance of liquids into the body of the stone. As 
soon as the surface becomes roughened by wear, the greasy and acid 
wastes penetrate into the pores, and the marble becomes permanently 
discolored. Only a limited observation of the bad condition of marble 
floors or urinal slabs which have been subjected to use for a few years, 
is necessary to confirm this statement. 

Ordinary Tennessee, Veined Italian, Hawkins County Tennessee, 
and Statuary Italian marble, range in cost in the order mentioned. 
Fancy imported marbles and onyx are much more 
expensive. Tennessee marble varies in color 
from grayish brown to very dark reddish brown, 
uniformly intermixed with light specks. The 
Hawkins County marble is bright reddish and 
white-mottled. All the ordinary materials are cut 
in stock sizes, and may also be had to order, like 
the more costly, in any size and shape desired. 

The type with apron or skirting, shown in 
Fig. 23, has legs, and the slab is supported contin- 
uously by the skirting. In those supported by 
brackets or leg-brackets, the strength of the slab is 
depended upon for support between the bearings. 
liCgs, brackets, and all other metal trimmings 
should be in keeping with the character and cost 
of the stone slab. If brackets are properly spaced, 
the weight is so balanced as to leave very little 
sagging strain on the center of .the slab. A shelf of marble, or a 
mirror with marble frame, or both, may be fitted above the back as a 
part of the fixture. 

Porcelain and enameled-iron lavatories have bowl, back apron, 
and soap-cup in one piece. The pedestal of the lavatory illustratwl 
in Fig. 24 is separate, of course, and no back is required, but the 
general features of integral construction are shown. There are no 
joints to open. The only injury possible to them is the marring or 
fracture of the glaze or enamel. Porcelain and iron lavatories, unlike 
those of marble, are adapted to pedestal support; and some very 
desirable patterns are therefore made in these materials only. Neither 
pedestal nor wall lavatories are suitable for use, except where the wall 
or wainscoting is of marble, tile, or some other waterproof material. 




Flj?. 22. Drinking 

Fountain. No Cup 

Neees.sary. 
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To provide for leaving the floor clear and free of obstruction, lavatories 
supported on brackets or hangers, as indicated in Fig. 25, with supply, 
waste, and ventilating- pipes fitted on or into the wall, are best. If 
found practicable, a neater job results if all pipes leading to and 
from pedestal lavatories are carried through the pedestal. A supply 
and waste run to the floor is" generally far easier and cheaper to secure 
than the fitting of all pipes to the wall. 

The purchaser seeking iron or porcelain fixtures, has no choice 
of styles beyond that which the market regularly affords. If he pre- 
fers the workable materials, he should insist upon certain features of 
design which are essential to the best service. Abrupt edges and sharp 
comers should be avoided; the slab ought to be at least 1 J inches 
thick, and the back not less than 12 
inches high; the general dimensions 
must be as liberal as space will 
allow or the service demands (not 
less than 22 by 32 inches for a 14 by 
17-inch bowl); the countersinking 
must be deep, -^^ to J inch; the 
faucet bosses must not join the gen- 
eral border level at all; the faucets 
must not be less than 12 inches 
apart, nor so near the bowl that it 
will be difficult to secure them to 
the slab; nor may they be placed so 

1 , ., , 1 . 1 . Fig. 24. Lavatory on Pedestal. 

close to the back as to make repair- 
ing troublesome with any type of Fuller faucets; the joint surface of 
the bowl must be ground to fit the slab, and provided with not less 
than four well-drilled anchor-holes for clamps to secure it. 

Round bowls were formerly quite generally in use, but are now 
almost relegated to memory. The width of slab needed for a roomy, 
round bowl is too great; and at best the arms of the user must be 
cramped in a somewhat vertical and awkward position, while the 
smaller sizes are very uncomfortable in this respect. The sudden 
opening of the faucet when the bowl is empty, is likely to ricochet water 
with annoying results. This is caused by the water striking the 
curved bowl surface at a tangent, and is not peculiar to the circular 
bowl; the oval or crescent, or, indeed, any shape of bowl that presents 
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a curved surface to which the faucet stream is tangent, favors the same 
result; the ovals in integral fixtures are the most annoying. Marbie 
and onyx have an advantage over porcelain and enameled lavatories 
so far as ricocheting is concerned. The opening in the slab is not so 
large as the bowl, and thus a horizontal overhanging ledge is formed 
all around, above the bow], which generally intercepts the water in a 
way to keep it off the floor and person. Porcelain and enameled 
fixtures have n<it this virtiic. Tlie bowl surface, Ijeing integral with 
the slab, is uninter- 
nipted and continu- 
ous; hence ricocheting 
is more violent with 
them than is possible 
with theseparate l>owI, 
Oval bowls are now 
in general use on all 
types of lavatories. 
They employ slab 
space to the best ad- 
vantage, and are the 
most convenient for 
use. The crescent or 
kidney shape, illus- 
trated in Fig. 2fi, is, 
however, as far super- 

FlK.25. Ijivatory Supported OQ Brackels. J^r („ the simple OVal 

bowl as the oval is to 
tile round. It permits the forearms to He in a natural and most 
convenient position when dipping water to lave the face. This form 
of bowl should be accompanied with a scalloped or reces,sed front. 
The D-shaped bowl, and other bowls embracing the prime feature 
of the D-shape, while not so graceful in appearance, are, without 
exception, to be preferretl, on the score of utter absence of ricocheting 
when the faucets are properly placed. The D-shape, a trans\-erse 
section of which is shown in Fig. 27, has a semi-oval front, with the 
end lines continued parallel some distance past the major axis, and 
with a straight-line back nearly vertical. This form gives a nearly 
flat surface in the bottom between the back wall and major axis, on 
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which surface the stream strikes and breaks when the bowl is empty. 
A depth of water is quickly formed under the stream, which checks 
any spraying or spattering. 

The traps used for lavatories are leaa or brass (either cast or 
tubes), or combinations of these materials, plain or vented or of anti- 
siphon design. One trouble with 
lavatory trap ventilation, is the dif- 
ficulty of obtaining a vertical rise 
directly above the trap. These vent 
connections should be carried as 
neariy vertical as possible, as high 
at least as the bottom of the lavatory 
slab, before any horizontal run is 
made; otherwise the choking of the 

waste pipe would float solid matters Fig. 2(n>lan of Lavatory Slab^Cms- 
into places from which gravity centorKldney-ShapedBowl. 

would not dislodge them. In the absence of water-wash in the vent 
pipe, these solids would obstruct the vent and defeat its purpose. 
This danger is not given due attention by many plumbers. The 
patent and horn overflow bowls, with plug and chain, are the cheapest 
effective means of controlling the overflow and waste from the bowl. 
The standing waste, of essentially the same design as the waste fitting 
for a bathtub, with the body fitting projecting through the slab at the 

rear of the bowl, is perhaps the most satis- 
factory waste and overflow arrangement. 
Various schemes for operating basin stoppers 
by means of levers and swivels, are em- 
ployed; but none of them has come into 
more than limited use. 

Basin faucets, aside from special designs, 
are made on three general operating princi- 
ples — (1) screw-compression; (2) eccentric 
action without springs; and (3) self-closing. 
They are also made in two types — with reg- 
ular and low-down nozzles. All of these are represented in 
Fig. 28. The regular type has the nozzle some distance above the 
base flange, and screws into, or is cast on, the body. The low- 
down type has its nozzle with a flat bottom, hugging the slab as 




Fig. 27. Transverse Section 

of D-Shaped Lavatory 

Bowl. 
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closely as practicable. The objection to the low-down is the inac- 
cessible narrow space between the nozzle and slab, which becomes 
filthy and is difficult to clean. High, projecting nozzles obstruct the 
space over the bowl, especially when washing the hair, but are other- 
wise most satisfactory. The high nozzle gives trouble with patterns of 
faucets that separate in the body for repairs, such as the Puller type, 
which closes rapidly with pressure. The fault, however, is often 
that the slab is so shallow as to necessitate the faucets being placed too 
close to the back to turn without removing the nozzles. If these are 
cast on, removal of the whole faucet is required before it can be 
separated. Some faucets are made with union joint in the body, 
thus avoiding such trouble; but these are not widely used. 

The false economy which often dictates the purchase of a small 
slab, generally also prevails in the selection of its trimmings. Com- 
pression faucets close against the pressure, and are slow in action, 
causing practically no reaction. They are generally responsible for 
the omission of air-chambers on supplies of medium pressure. On 
account of their slow action, they are suitable for high pressures 
although but little weight is given this fact by the trade. The features 
essential to good, lasting service in the compression faucet, are : a 
cross-handle, a stuffing box, a raised seat, and a swivel disc. Self- 
closing faucets of various patterns are made with a view to preventing 
waste of water, the intention being to compel the user to hold the faucet 
open only as long as water is needed, and to insure automatic closing 
when it is released. There are none such except the crown-handled, 
that an ingenious person cannot find means to hold open at will; yet, 
withal, self-closing faucets are of great value in reducing wastage. 
A rabbit-eared faucet can be kept open by placing a ring over the 
handles while squeezed together; the telegraph bibb, by weighting 
down or tying up the lever; and the T-handled, while not so easily 
controlled, can be tied open by a lever secured to the handle. The 
crown-handled design can be operated with ease by the hand of the 
user, but does not readily lend itself to unauthorized control by means 
of a mechanical stop. Self-closing faucets require strong and well- 
designed springs to close them against the force of the water. They 
have sometimes come into disrepute through leakage for lack of 
adequacy in this feature of their construction. 
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Lavatory supports should have positive means of leveling the 
slab, such as set screws, screw-dowels, or whatever adjustment the 
kind of lavatory and support may be best suited to. Lavatory 
brackets are generally at fault in having limited bearing at the bottom 
of the wall-face. This point of the bracket is where all the strain is 
thrown against the wall, and the effect is noticeable if the upper end 
springs away ever so little. Full-length brackets are not open to this 
criticism, but they interfere with the washboard or other finish next 
the floor. • 

Sinks. These are made in four general classes according to the 
purpose to be served — namely, Kitchen, Pantry, Slop, and Factory 
or Wash-Sinks. The materials used are: — ^Porcelain; enameled, 





Fig. 28. Common Types of Basin Faucets. 

galvanized, and painted cast iron; enameled, galvanized, and painted 
wrought iron; brown glazed ware; copper; slate; soapstone; various 
compositions; and occasionally wood. Porcelain and enameled 
cast iron are most used, galvanized and painted sinks being confined 
principally to factory use. Sinks of extreme length, in one piece, as 
shown in Fig. 29, or sectional, 6 to 8 inches deep, with supply and 
faucets over the center line or at the side, Ixjlong to the factory class. 
These are usually provided with a flat rim, rest on pedestals, and are 
not over 24 inches wide. There are also roll-rim patterns, with 
bracket support and iron back, and with faucets fitted through the 
back. These are generally 8 inches deep and alx>ut 20 inches wide. 
Kitchen sinks vaiy in size according to general requirements. 
Common sizes are 18 by 30 inches and 20 by 30 inches. The depth 
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mnges from 6 to 7 inches. There are two types of iron sink — ^flat-rim, 
with outlet at end; and roll-rim, with outlet in center. Neither style 
of outlet is always desirable as to connection; but the center outlet 
drains more directly. The flat-rim type is not provided with legs. 
Cast legs were formerly furnished, being attached to the sink by slip- 
ping into dovetails. When legs are desired for this type, the plumber 
provides gas-pipe legs, with or without a top frame. Iron splash- 
backs are provided for flat-rim sinks, but not of the deep pattern in 
which air-chambers may be cast. Plumbers drill these sink rims 
to attach brackets or legs, and sometimes also to secure to them 
hardwood capping or drainboard. Hardwood drainboards are 

generally provided by 
the plumber's carpen- 
ter. Hardwood 
splash-bfiicks, set free 
of the wall to permit 
circulation of air be- 
hind the fixture, are 
also provided. Some- 
times marble splash- 
backs are provided. 

Fig. 29. Long Wash-Sink for Factory Use. -» «- i i • i , i . . 

Marble is best, but is 
not in keeping with a flat-rim sink. The back may extend to the 
end of the drainboard, or merely cover the length of the sink. Omit- 
ting the back behind the drainboard, as represented in Fig. 30, is 
often thought desirable. The drainboard should be free of the wall 
when the back is not extended. Iron sinks, with roll rim on front 
and ends, are furnished with drainboards suited to attach to either 
or both ends. These may be added as an after-consideration, or 
changed from side to side at will, if there is but one drainboard, or 
removed entirely, without marring the looks or service of the sink. 
This interchangeability commends itself to both plumber and cus- 
tomer. 

Roll-rim sinks, with the end recessed to receive a drainboard, are 
also made, which give good service, but in any subsequent change of 
location require setting in the original relative position. 

Wooden drainboards, with an iron end to attach to sink, and 
enameled-iron drainboards, are furnished if ordered. 
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Open strainers are most frequently fitted to sinks, in which case 
the sink cannot be then used for washing dishes, but merely serves as 
a support for dishpans and other vessels and as a catch-all for drippings 
from the drainer. Hence the open-strainer sink must be large enough 
to accommodate suitable washpans, etc., while one fitted with a plug- 
strainer should be relatively small if it is designed to use the sink 
proper as a washpan. 

The use of wooden sinks in large installations, such as hotel 
kitchen's and restaurants, is not unusual, the theory of their use being 
that less breakage of crockery occurs, by reason of the softness of the 



Fig, 30. EQameled-Iron KiMbeii Sink Supported on BracfcetB. Splash-Bock 



material. The argument against the use of wood is not given due 
weight in this connection. The well-recognized objection to any 
porous, absorptive material which retains moisture and is subject to 
decomposition, is especially to be considered in the use of wood for 
greasy wastes. For the reason mentioned, wood is never a suitable 
material for this use. 

Kubber mats are essential for both sinks and drainboards having 
enameled or glazed surfaces, in order to avoid accidental injuiy to 
the articles cleansed. As a matter of fact, the average dwelling has 
but one sink, which serves both kitchen and pantiy purposes. Dual 
service is not always satisfactory, however, as no sink can be well 
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adapted to both uses for a large family. A plug-strainer sink should 
also be provided with an overflow. 

Porcelain and iron sinks have generally been supplied with loose 
backs; but sinks of one piece — that is, with sink and back integral — 
are now obtainable. Sinks with integral apron or skirting all around, 
to be placed free of the wall, are suitable for installation where the 
wall is waterproof. 

Sinks are built from slabs of natural stone as desired, and may 
be with or without drainboard or skirting. They are generally pro- 
vided with a high splash-back. These sinks are not limited to the 
patterns of a moulding room, and easily keep pace with the desires 
of the purchasers. Selection is confined to a choice of material, 
as every desirable type of fixture is easily supplied. 

In the use of any natural stone, such as slate or soapstone, for 
plumbing fixtures, and especially for sinks, it should not be forgotten 
that angles and rectangular comers are with difficulty maintained 
entirely free from deposit. Although the flat surface can be readily 
scoured, it is always difficult to clean the sharp angles and corners 
satisfactorily. The difficulty is increased by the fact that some 
plastic jointing material, such as putty or cement, must be used in 
putting together the fixture; and small fragments of this material 
project into the angles and render the corners rough. Stone and 
porcelain sinks are heavy, and require careful packing for shipment 

Air-chambers may be cast in iron sink-backs. The ordinary 
sink-back is not well suited to the convenience of the plumber where 
supplies to any fixtures pass up behind the sink. The faucet-holes 
cannot be changed, and slots for pipe are not pro\ided at the top 
edge. Sawing these gaps after the goods are enameled, leaves the 
fixture with an unfinished appearance. The proportion of shank to 
the handle of faucets of the Fuller pattern used on sink-backs, must 
be such that the handles will turn straight back. 

A popular fixture of comparatively late design, adapted for small 
dwellings and now made in the cheaper materials, is the kitchen sink 
in combination with a single laundry tray, an example of which is 
shown in Fig. 31. In this, the drainboard serves as a cover for the 
tray when the sink is in use. Sinks have also been supplied in com- 
bination with lavatories, one sink being placed in the center or at 
the end of a battery of lavatories. 
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A pantry sink (Fig. 32) should always be provided with a drain- 
board. It is a smaller fixture than the kitchen sink, and is nearly 
always of the plug-strainer and overflow type. Its faucets are gener- 
ally of the high-nozzle type, like those for shampoo purposes, but of 
smaller capacity and better adapted to rinsing than are kitchen-sink 
faucets. Indeed, the pantry sink proper need not necessarily differ 
at all from sinks used for other purposes. Every feature of its trim- 
mings and setting is intended to best serve the butler's needs. 

The waste matter from the butler's sink is not like that from the 
kitchen sink; hence the waste pipe is not necessarily so large, nor is a 
grease-trap so badly 
needed. Grease in 
considerable quan- 
tities finds its way 
into kitchen-sink 
waste pipes. It 
floats on the stream 
of waste water as it 
travels through the 
pipe, and, being 
always next the in- 
teriorsurface,either 
adheres thereto on 
contact, or by a re- 
duction in tempera- 
ture is chilled and 
congealed, thus clinging to the pipe walls. Successive layers of 
grease are in this way accumulated, and the bore of the pipe is 
finally reduced so much that solid matter easily completes the stop- 
page. Forcing out, and then filling the pipe with boiling lye water, 
and again flushing with hot water, will usually remove most of the 
obstruction. Sometimes the lye loosens the grease in chunks, which 
cleg the pipe seriously at the first favoring point, and the pipe must 
then be cleaned manually. 

When once choked with grease, the pipe must ultimately be 
opened and cleaned by hand, often at material expense when long 
lines are deep underground. To avoid this trouble, various traps 
(of which two examples are shown in Fig. 33) have been designed to 




Fig. 31. Kitchen Sink and Single Laundry Tray Combined. 
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separate and collect the grease, either by flotation or by chilling — 
generally by the former. Traps to collect the grease by flotation were 
formerly improvised by the plumber, being placed in the drainpipe just 
outside the building. This location left too much pipe subject to 
choking between the grease-trap and the sink; and the trap itself 
often became a generator of bad odors in warm weather. 

The grease-traps now commonly furnished are placed in the 
kitchen under the sink, and frequently serve as the regular trap for 

the fixture. The grease 
is easily removed by lift- 
ing out the container or 
by skimming from the 
top. Hinged bolts with 
thumb-nuts secure the 
covers so that they can 
be easily and quickly 
opened and securely 
closed. 

Traps which chill 
the grease are not used 
so much as those acting 
by simple flotation, but 
they do the work per- 
fectly. The chilling proc- 
cess is accomplished by 
means of a water jacket through which the cold-water supply passes. 
The water entering low, surrounds the wall of the pot trap within, 
and passes out high up on the opposite side (see fixture at left in 
Fig. 33). Circulation — or, rather, change of water — in the jacket, is 
dependent on the amount of water used at the fixtures. 

The usual slop sink is 18 by 22 inches and about 12 inches deep. 
Generally it is furnished mounted on a trap standard, as in Fig. 34, 
which serves the double purpose of support and waste-trap. 

Care should be taken before installing a fixture placed upon a 
trap standard, to examine carefully whether the seal of the trap is 
provided for by suitable interior partitions. It is not uncommon to 
find defects in the casting, if of iron or brass — or in the porcelain, if 
of that material — which would seriously affect the maintenance of the 




Pig. 82. Pantry Sink. 
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water seal. In fact, it is desirable in connection with slop sinks, as 
with all other fixtures, that the trap be of such a form as to show 
clearly, even after being set in place, the position of the various por- 
tions which constitute the trap and maintain the water seal. 

The waste pipe is never less in diameter than 2 inches, and is 
usually 3 or 4 inches. The outlet is invariably through an open 
strainer. 

Slop sinks are made in all the materials common to other fixtures 
except natural stone. These sinks are to the chambermaid what the 
kitchen sink is to the cook. The shape and liberal-sized waste are 
well adapted to removing slop and scrub water. In the complete 
fixture, the sink is providetl with an elevated tank and flushing rim, 



Fig. 33. Types of KltcheD Sink Traps for Separating and Collecting arense. 

to cleanse the fixture walls; also with hot and cold supplies for drawing 
water, rinsing mops, etc. The supplies usually connect between the 
valves, and terminate with a long spout with pail-hook and brace. 
The spout supports the pail over the center of the sink while filling. 
The ordinary slop sink is provided with hot and cold faucets; and us 
the rims of the cheaper kinds are plain flanges, no tank flushing is 
po.s.sible. 

Laundry Trays. These are made in all the materials used in 
other plumbing fixtures. Wood trays were formerly common but 
their unfitness l»ecause of absorption and odors, coupled with the 
increase in cost of lumber find the lessening in cost of the better 
materials, has effectually driven them out of the business. 
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The same inherent objection to the use of wooden covers may be 
urged as to the use of that material for the body of the fixture. 

Trays are made singly and otherwise, but generally used in sets 
of two or three, except in the combination with sink already described. 

They are supported by a center 
standard or a metal frame, as best 
suits the material used. 

Some means of attaching wring- 
ers are provided, if possible. The 
waste is usually 2-inch. One trap 
answers for a set of trays. The 
size approximates 26 by 30 inches at 
top, with 15 inches' depth. The 
walls are all vertical except the front, 
which inclines ' about 30 degrees, 
making the width at bottom con- 
siderably less than at top. Some 
makers furnish one trav with each 
set, designed to serve as a wash- 
board, the interior of the front wall 
being corrugated like the surface of 
a portable washboard. The incli- 
nation of the front is about right for 
scrubbing, whether the tray or an 
ordinary board is used, and the sup- 
ports place the top of trays conven- 
ient to the work. 

All trays were formerly made with 
faucet-holes in the back; and the 
plumber furnished a hinged cover. 
Side-handle faucets were necessaiy 
to allow the cover to close, as holes 
for top-handle faucets would be so 
low as to make useless too much of 
the space above them. The faucet- 
holes were seldom fitted water-tight. Holes are not now made in 
trays unless ordered, and the side-handle wash-tray bibb is disap- 
pearing. They were always annoying. If placed with the handles 




FlK- 34.' Slop Sink Mounted on Trap 
Standard. 
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right an<l left as intended, the seat could not be examined, and 
no reaming or dressing of the faucet seat could be done without re- 
moving the faucet. When placed with the faucet handles facing each 
other, they were wrong-handed and too close together. It was awk- 
ward to supply air-chambers — especially so when all the faucet holes 
were equidistant from the top. Wlien placed for one line of supply 
afcove the other, one line of holes was too low. These objections com- 
bined brought about the practice of omitting the covers, putting the 
supplies over the trays, and using regular sink faucets. f>\'erflows are 
provided only when so ordered. 

Enameled liacks with air-chambers and faucets are supplied with 
roll-rim enamele<l-iron trays. A complete set of three troys, with all 



Fig. Si. Sel or Three Laundry Trays, with comple^eatlacbments and Fltiliigs. 

attachments and fittings, is shown in Fig. 35. Flal-rim trays are 
made with or without faucet-holes, an<i are intended to have a hard- 
wood frame to secure them rigidly. The wood frame and cover can 
be had with the fixture, but the plumber often supplies them. Nickel- 
plated or plain brass wastes and traps are furnisheti for trays, but 
the plumber can provide lead or cast-iron waste, if wanted. 

Watw^losetS. Types of water-closets are innumerable, and 
are separable into classes according to principles of action. Porcelain 
and painted or enameled iron are the materials used. Porcelain is 
- more fragile, but has the better finish and is susceptible of a greater 
variety of design and ornamentation. The all-vitreous bo<]y of 
water-closet china of to-day is far superior to the glazed clay ware 
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of the past, which, depending only on surface impermeability, soon 
cracked badly, thus permitting of absorption, the forerunner of odors 
which no plumber's skill could prevent. Enameled iron has not so 
durable a surface, but will stand rough usage, and has the advantage 
of very seldom cracking from frost even though the water in the trap 
freezes. 

The greater relative advantage and durability of the porcelain 
closet over the best qualities of enameled-iron fixtures, should not be 
overlooked. There is less adherence of the foul wastes to a porcelain 
surface than to the enameled surface. It is also a fact that enamel 
is subject more or less to abrasion by the use of harsh scouring ma-, 
terials, as well as to decomposition by uric acid and water-closet dis- 
charges, and is therefore not a very durable material. These state- 
ments can be confirmed by observation of closets which have been 
in use for a number of years. 

Iron closets of the better forms are used most in public places, 
stores, warehouses, etc. The pan closet, of iron, with earthenware 
bowl, is not now installed. For these, a trap was placed under the 
floor. The pan, operated by the same lever as the flushing valve, 
retained water, partially sealing the body from the bowl. The flush 
was by the swirling of a stream which entered tangentially under the 
rim. The bowls were round, as is necessary in all hopper closets 
thus washed, for water will not swirl in an oval bowl. 

The objection to the pan water-closet is principally due fo the 
fact that the outer bowl or container is a receptacle of filth which can 
never be properly cleansed. When the pan deposits its contents in 
the lower portion of the fixture, a considerable amount of the filth 
is spattered upon the walls and is not subject to the cleansing effect 
of the stream of water which scours only the upper bowl. When the 
closet is operated, the odors from this concealed surface permeate the 
room in an objectionable manner. 

Tall round hoppers with swirling supply are yet frequently used 
in outhouses and other exposed places. No other form of closet will 
stand such locations under like conditions. The waste-trap is not 
placed immediately under the hopper, as in other forms, but down 
below the freezing depth — ^five feet as a rule. The supply valve is 
also placed below freezing, and is operated by a pull or by seat-action. 
These closets are coniiniums or after^wash, according to the style of 
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valve used. Such an outfit is the simple frost-proof closet of the 
market. Tall oval hoppers with valve and slotted spud attached, 
swirl or rather direct the water sideways in both directions, but not 
effectively. The tank supply is also inefficient when delivered through 
a slotted spud under the common flanged rim. Short oval and round 
hoppers, with valve or tank supply operated by a pull or by seat-action, 
fitted to "S," "f S," and "i S" or "P" traps, for lead or iron pipe 
floor connection, make up several hundred closet combinations, each 
differing in some respect from the others. These are the poorest 
types, of water-closet. 

A sectional view of the Combined Hopper and Trap pedestal of 
to-day is shown in Fig. 36. It is made in one piece, in both porcelain 
and enameled iron. This form resulted from the separate hopper 
and trap fixtures before mentioned. The combined form has oval 
bowl and flushing rim for tank supply. 

The Wash-ovt closet is a modification of the combined hopper 
and trap, being formed with a dipping bed under the mouth of the bowl, 
which retains enough water to keep soil from sticking to the surface. 
The water-bed makes it necessary to discharge the contents at either 
front or rear of bowl. The back-outlet wash-out is most repulsive 
to view; in them the drop-leg, which the flush never washes thoroughly, 
is always in view, so that its filthy condition suggests cleansing by 
hand. The front-outlet wash-out, shown in section in Fig. 37, is of 
more inviting appearance; but the drop-leg, although hidden, is 
there just the same. 

Both the Wash-out and the Combined Hopper and Trap types 
have one fault in common. The trap almost always contains the soil 
from one usage. When the contents of the trap are flushed out after 
using, sometimes a similar mass refills it. Of course, two or three 
consecutive flushes would leave. comparatively clean water in the trap, 
but this is not to be expected in regular usage. 

On certain occasions the wash-out may serve a useful purpose 
on account of the water-bed. The stools of children or the sick may 
thus be easily obser\^ed at the will of the physician or at the discretion 
cf those in charge, while such is impossible where the soil is submerged 
at once. 

Pneumatic Siphon closets of various types have been put on the 
market. A good example of the type requiring two traps with an 
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air-space between, is shown in Fig. 38. A specially constructed 
flushing tank is connected with the air-space between the trapSc The 
falling of the flush water creates a partial vacuum in the bottom com- 
partment of the tank, which induces siphonage of the bowl contents. 
To maintain a plenum in the flushing compartment of the tank 
while the flush water is flowing down and into the closet, the air 
between the traps is extracted, being drawn up through the air-pipe 
into the tank. Atmospheric pressure in the room simply presses the 
water out of the bowl and upper trap when the pressure below it is 
sufficiently reduced. This w^ater, in motion, added to that of the 
lower trap which has been drawn above its normal level in response 
to the vacuum, is sufficient to form the long leg of an ordinary siphon ; 
and thus lx)th traps would l)e entirely emptied were it not for the vent 
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Fig. 36. Section of Combined Hop- Fig. 37. Section of Front Outlet 

per and Trap Closet. Wash-Out Closet. 

in the crown of the lower trap breaking the siphonage in time to save 
a water seal for the lower trap. 

The upper trap with water visible in the closet bowl in repose, is 
supplied by the after-fill, thus establishing conditions for the next 
action. The lower trap of such closets must be back-vented, and it 
is essential that the upper trap have no back vent. 

The proper action of the tank is necessary to operate a pneumatic 
closet. A closet constructed oh any other principle can be flushed 
with a bucket, by hand, if its tank is out of order. When a pneumatic 
closet, however, gets contrary, pouring water into the bowl simply 
fills or overflows it. The outlet is air-bound, and no passage of water 
to the soil pipe can take place until the barrier of air between the traps 
is removcxl. 
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Fig. 8& Section of Pneu- 
matic Siphon Closet, with 
Two Traiw and Inter- 
vening Air-Space. 



The closets now accorded first place and generally used in the 
best work, are of the Jet-Siphon type, illustrated by the sectional 
view, Fig. 39. These use more water than is necessary to flush 
other kinds of closets, because a portion of the water is employed to 
produce the siphonage. A channel leading 
from the flush-water inlet to the bottom of 
the trap, conveys a stream of water to the 
trap leg, and injects it upward therein. The 
water in the channel has considerable ve- 
locity, and, being discharged into the water 
in the trap, imparts its energy to the whole 
mass, which, aided by the rise due to the in- 
coming water from the flushing rim, moves 
upward at an increased speed depending on 
the ratio of mass and jet. When the water 
in the trap has been lifted in this way to an 
extent where suflBcient of it can fall over the weir into the out-leg of 
the trap, a siphonic movement begins, and true siphonage finally takes 
place, the cessation of which depends upon the lack of sufficient water 
to continue it. Before the closet tank is emptied, siphonage often 
sweeps out the trap thoroughly; and what water falls back into the 
bowl when the siphon breaks, together with the incoming jet and flush, 
causes a second siphonage. 

Accuracy in pointing the jet and in shaping the surfaces of its 

environment, are essential. If the 
surface above the jet-hole favors 
interference by the water flowing 
from the bowl, siphonage will be 
delayed and abortive, and may not 
take place at all. So, also, if the 
jet is not directed so as to main- 
tain approximate concentricity in its 
travel through the mass of water, 
Fig. 39. Section of Jet-Siphon Closet, its energy is not expended to advan- 
tage, and failure is likely. 
There is no excuse for iron closets not siphoning perfectly. The 
iron pattern can be altered until it gives the best effect in practice, 
after which all closets cast from it should do the same. With poroe- 
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lain ware, however, every closet made requires the same skill in 
design; and notwithstanding how perfectly the closet may be formed 
and the jet-hole cut, shrinkage in the kiln during the drying and 
burning process is apt to warp the wall and change the product so 
that it will not act properly. Closets of both materials, apparently 
perfect, often fail when first tried after installation, owing to foreign 
matter or fragments of enamel, clay, or iron lodging in the jet and 
changing its action. I^sually these obstructions are easily removed 
by the plumber. 

The jet principle has been added to the Combined Hopper and 
Trap closet before mentioned, producing in it a siphonic action result- 
ing in very much improved sendee over that of the simple form. With 
the jet-action, the Combined H(^per and Trap is generally termed 
a Wash-Down Siphon, The so-called "jet" is applied in two ways. 
In some makes, the flush rim has an extra large and specially formed 
fan-wash feature, which directs down the back wall of the bowl a 
sluice-like stream. This stream, in addition to wetting the paper and 
forcing it down into the water, where it will be promptly carried out, 
sweeps round the curve of the bowl outlet in such a way as to lend its 
force to the water in the trap to produce apparent and not infre- 
quently true siphonage. 

Another form of the wash-down siphon is provided with a channel 
from the flush inlet, down outside the back wall of the bowl, to near or 
even below the water-level in the bowl, where the jet enters through a 
slit. The action is much the same as with the special fan-wash 
mentioned, but is generally superior in siphonic efiFectiveness. 

Jet-siphon closets are not provided with vent openings in the 
closet proper, except for the local bowl ventilation. Wash-out traps 
are, or should be, vented. The simple hopper and trap should be 
vented in the trap. W^ash-down siphons, generally, are not vented, 
but it is permissible to vent them low down in the outlet leg of the trap. 

All closets for indoor use should have flushing rims. In all 
earthenware closets and in some forms of iron closets, the rims are 
made integral; but the iron rims are, as a rule, separate pieces, form- 
ing a water channel around the bowl. The bottom, inner edge of the 
iron rim hugs the wall of the bowl as closely as practicable, and the 
hulk of the water falls through regularly spaced serrations. Various 
provisions in the shape of barriers opposite the flush inlet, per- 



242 



PLUMBING 43 



f orated race-way shelves along the rim above the exit openings, etc., 
are made to insure the rim filling and flushing property all around. 

All kinds of closets were formerfy made without regard to the kind 
of seat to be used. Boxed-in cabinet seats, self-supporting, were 
universal. These gave way to seat and frame, with wall and leg 
support. To-day closets are conunonly made with base flanges 
designed to support the weight of the person, and are provided with 
lugs or seat-shelf for attaching the seat directly to the bowl, as seen in 
Fig. 40. Metal post hinges are best in every way, if well made and 
strong. The competition goods, however — made to sell rather than 
use — are so light as neither to keep the seat in place nor to aid in hold- 
ing it together under the severe strain. The hinged wood-cleat seats 
bolted to the closet are strong, but are objectionable because they 
cannot be kept di^' or clean under the 
cleat. 

Closets are operated with pull or 
push-button tanks requiring the attention 
of the user; and are also made of the seat- 
action type. Childreaare likely to be for- 
getful, and visitors to public toilet rooms 
indifferent, to such an extent that auto- 
matic closets are desirable for public 
places and schools. 

-^, r» 1 • 1 1 # ^^^' ^' Closet with Base Flange 

Closets are fitted with two styles of ' support, and with Lugs for 

•^ Attaching Seat. 

tanks — one placed about 7 feet from the 

floor and serving with a flush pipe never more than 1^ inches in 
diameter; and the other placed low down, as close to the bowl 
as connections will permit. Examples of the high-tank and low- 
tank arrangements are shown in Figs. 41 and 42, respectively. The 
low tanks are wider and deeper than the high style, but do not extend 
out from the wall so much. The low position delivers the water 
at much less velocity than the elevated style, and, to secure the utmost 
speed and the volume necessary, the flush connection is never less than 
2-inch in a low-tank closet. The rim and jet channel are proportion- 
ately larger in bowls intended for use with low tanks. High tanks 
are about 17 by 9 by 10 inches. Sheet lead and sheet copper are used 
for closet-tank linings. Some kinds of water, through galvanic action, 
attack the soldering of the seams in copper-lined tanks with more 
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effect than where lead alone is used. Generally, howe^'er, copper- 
lined tanks give satisfaction if ithe copper is heavy enough {12 to 16 oz.) 
and properly put in. Some makers lock-seam the linings water-tight, 
and solder on the outside before placing the copper in the wood case. 

On account of the greater depth of low 
tanks, swelling of the wood case has, 
doubtless, been the cause of most of the 
trouble experienced with this type. When 
put together in the factory, the wood is 
very dry, and after being used for a short 
time, increases in hei^t as a result of 
swelling from dampness. If the lining be 
Utcked to the wood at bottom and top, in- 
jury is sure to result. If tacked at the top 
only, the copper will soon be support- 
ing the water without help except where 




the connections are attache*!. It is now the practice to omit fastening 
the lining. Very great cure has been found necessary with ball cocks 
for low tanks, in oriler to secure proper after-fill, the flush connection 
being too short to aid much in rcs<'aling the bow] with its drainings. 
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I^w tanks flush with much less noise than high ones, and permit 
placing the closet under windows and low ceilings. Low ones require 
more width on account of the tank, and more depth from the wall to 
the front, as the seat and lid must be placed far enough forward to be 
thrown back and remain leaning against the front of the tank. Low 
tanks are provided with ventilated covers; while the high pattern, 
which is out of children's reach, 
is left open at the top. The fewer 
working parts in a tank, the less 
likely it is to get out of order. 

A type of seat-action closet 
very seldom placed in private 
houses, is that with closed metal 
tank, as represented in Fig. 43. 
Depressing the seat opens a valve 
in the supply, and the water passes 
up through a flush pipe into a 
closed tank. The air in the tank 
is compressed until the air-pres- 
sure counterbalances that of the 
water. When the seat is released, 
the supply valve closes: and a 
valve is opened, establishing com- 
munication between the closet 
and the tank. The compressed 
air then expels the water in the 
tank, flushing the closet just as a 
large supply with corresponding 
pressure would do without a tank. 
Closed-tank closets depend on 
pressure. The space occupied by 
the air in the tank is inversely proportional to the pressure; hence, 
even in heavy pressure, considerable of the tank's capacity is yet 
occupied by air when equilibrium is established ; and the less the 
pressure, the smaller the amount of water it is possible to get into the 
tank. They are therefore not fit for very light pressures, though they 
sometimes sen^e well in the basement of a building where failure 
would be certain on the upper floor. 




Fig. 43. Seat- Action Closet with Closed 
Metal Tank. 
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Condensation on metal tanks is aunoying. Open tanks of porce- 
lain and iron are used more or less, but sweating is hard to overcome. 
Zinc paint and ground cork finishes have been employed with some 
satisfaction ; and drip-cup collars discharging into the flush just under 
the tank have served in this capacity, but nothing overcomes the 
sweating so well as a tight wood case, insulated metal cases not 
excepted. Some makes of the pressure-tank closet require too much 
weight on the seat for successful operation by a child, and children 
would as a rule leave the seat too soon to allow the tank to fill reason- 
ably well. The flush pipe of pressure closets is from a few inches to 
four feet in length. The after-fill is accomplished by projecting the 
flush connection into the tank an inch or more, and drilling a J-inch 
hole or less through it near the bottom of tank. The rapid flow 
ceases when the water-level falls to the upper end of the inward- 
projecting flush connection, and the after-fill drains into and down 
the flush slowly. 

The flush fittings of an open tank consist essentially of a valve 
to admit water to the flush pipe; an overflow always open to the flush 
pipe; and a lever and connection, with chain and pull or button, to 
open the flush valve. A simple example of these is the siphon goose- 
neck, with flush-valve disc on one end and lever connection at the 
other. Prongs extend below the disc to guide and keep it in place. 
The overflow is through the gooseneck. Lifting the gooseneck an 
instant permits enough water to flow down the flush to start the 
siphon through it when the pull is released. The tank then siphons 
to the lower end of the gooseneck arm. 

Where shortness of flush pipe or form of closet requires a decided 
after-fill, this is secured by special provision in the flush fittings, or 
by leading some of the supply delivered by the ball cock into the 
overflow. 

The supply fittings of a closet tank consist merely of a ball cock 
of suitable form. For light pressure, simple leverage sufiices. For 
heavy pressure, the inlet in the valve would have to be too small, or 
the ball too large and stem too long, for a small tank, if simple lever- 
age were employed. Therefore compound-leverage cocks are usually 
substituted where the pressure contended with is over 30 pounds. 
There are ball cocks made in which the buoyancy of the ball merely 
operates a small secondary valve in a way to establish the initial 
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pressure over a disc of larger upper surface than that of the under side 
which covers the main water inlet of the cock. The disc is thus ef- 
fectually seated, regardless of the pressure; and a 4-inch ball may be 
arranged to close almost any size valve against any pressure. 

When the cock is attached through the bottom of the tank, no 
precaution against sound is necessary. WTien the cock is fitted in 
high up, a pipe from the delivery is extended to near the bottom of tank 
for the purpose of muflBing the sound of the water as it fills the tank. 
An unmuffled deliveiy and a high-tank flush make considerable noise 
when the closet is flushed, and are suggestive and very embarrassing 
to sensitive people. Silent action is therefore the goal for which 
many strive. Silence at the expense of thoroughly washing the closet 
surfaces and flushing out the contents, is not desirable; some noise 
is necessary to the rapidity of action essential to thorough scouring 
and evacuation. 

Tanks requiring the flush valve to be held off the seat during 
the entire flush, are now no longer installed. Perfect silence in the 
flush pipe of a high-tank closet has been obtained by a type of flush 
fittings that permits the pipe to hang full of water. The flush valve 
being opened, water begins to flow into the closet immediately. \Mien 
the valve closes, no air having access at the upper end of the flush, the 
pipe remains filled. The flush valve of such a closet must close 
absolutely water-tight to prevent continual dribbling into the bowl. 

Of late years, direct-flushing valves of many forms have been a 
feature of wateivcloset design. These valves make the individual 
closet tank unnecessary. Direct-flushing closets, a tj^ of which 
is shown in Fig. 44, have the same advantage as the low tank in the 
matter of being placed where high closets cannot conveniently be 
arranged. A check to their more general adoption has been the lack 
of large supplies in residences and other buildings. 

The possibility that the house system of w^ater supply may be 
contaminated from the water-closet if the water supply is directly 
connected to the water-closet fixture, should not be overlooked. Al- 
though this contamination is more likely to take place in the operation 
of the older types of closets, such as the pan closet and the plunger 
type, it is not of rare occurrence in connection with later types, espe- 
cially the so-called frost-proof fixture. If the pressure is materially 
lowered in the street main by accident or otherwise, it sometimes 
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happens that water may be drawn back into the house system by 
siphonage froir> a water-closet or like fixture, thus of course incurring 
the possibiHty that germs of disease may be brought into the water 
supply used for domestic purposes. The use of a tank into which 
the water is first drawn, obviates this danger. 

' The ordinary dwelling or storehouse supply can be ma<le to 
operate successfully by placing an accumulating chamber on the 
branch to the closet, and having a check-valve on the street side of it, 
so that the water cannot flow back when the pressure falls as a 
result of drawing at other points. In such cases the pipe between the 
accumulator and the closet must be the usual l^inch size. Closets 
thus fitted are really only pressure-tank closets with the flush con- 
trolled by a direct-flushing valve to be operated at will instead of. 
automatically by seat-action. 

In all tank installations, the direct method is easily employed by 
carrying the proper size flush main directly to the closets, independ- 
ently of the supply for other fixtures. This is recommended in 
buildings having numerous closets. One tank, with large flushing 
main, will serve all the closets, and tlius the individual tanks and 
equipment are not needed. Furthermore, no trouble is then experi- 
enced in providing suitable space for the small tanks. The flushing 
valves may, if desired, be placed out of sight, and only the operating 
lever brought to view in a convenient position. A flushing valve has 
been made which, like the secondary-valve ball cock, works on the old 
Jennings diaphragm principle, using a "time" filling cup to establish 
the initial pressure over the diaphragm. Releasing the pressure over 
the diaphragm by means of the operating lever, opens the main 
channel and causes the closet to flush while the time chamber fills 
again. 

In this country and most others, the height of closets has always 
been uniformly 16 to 17 inches to top of seat. It is claimed that this 
height results in an unnatural position, and individual opinions 
against it have been voiced from time to time with little effect. Lately, 
however, more earnest attention has been given the subject of height, 
and there has been designed a closet considerably lower than usual, 
with the top sloping down toward the back. This form, it is 
said, induces the user to assume an upright position of body, 
relatively more closely conforming to that of the limbs, and favoring 
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unrestricted ac- 
tion of the intes- 
tines. It re- 
mains to be seen 
whether this 
form will result 
in any general 
departure from 
the old lines. 

Closets of- 
ten also serve as 
urinals, espe- 
cialij in private 
houses. For lim- 
ited service, this 
is not to be con- 
sidered an actual 
abuse of the fix- 
ture, though gen- 
eral use of dis- 
tinct urinal fix- 
tures is iralispen- 
sahle. 

Range Clos- 
ets. Batteries of 
individual clos- 
ets are usual in 
office buildings 
and many other 
such structures; 
but in schools 
and in many 
public places 
open to all class- 
es, ranges di- 
vided into stalls 
or compart- 




Fig. U. Direct PlushlnB Closp 

Taok. A Shows Haml-Flusl ^ 

iH.-e with SectloDBl View 



ments have been considered a satisfactoiy solution of the problem. 
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The objections to <he range type of fixture are inherent in the 
design. The fouling surface of a trough fixture is much greater than 
that of the number of individual closets to which the fiixture corre- 
sponds, and certain parts of this surface are not subject to an adequate 
flushing action. A certain {wrtion of the surface, much larger relatively 
than that in individual fixtures, is exposed to spattering with the 
filth, and is alternately wet and dry. It is also true that the method 
of applying the water for scouring purposes is much less satisfactory 
than with single closets. A further objection to the range fiixture is 
that in general its material is less desirable for the purpose than the 
earthenware or porcelain used for closets. On account of these 
deficiencies, for some ten years past, individual closets have been 
used in public schools in certain cities which have given the most 
attention to this branch of sanitation, and their use is being ex- 
tended. 

Range closets have automatic flushing tanks acting at any 
required interval between flushes. The tanks are, as a rule, without 
moving parts, and give good service without much attention after the 
supply is once set to flush at the interval desired. Whether the 
users of a closet are indifferent or irresponsible, does not change the 
result of abuse; and the range type of closet overcomes many annoy- 
ances attending the use of ordinary individual closets in unsuitable 
places — institutions for the insane and feeble-minded, for example. 
Ranges, like seat-action closets, are not dependent on the user, who 
may forget to pull a chain or push a button arid thereby leave the 
closet foul. 

Various forms of ranges are now operated on the siphon -eduction 
principle. Siphonic eduction is accomplished in three ways — first, 
by the double trap and air-pipe to the tank indicated by the sectional 
view, Fig. 45, and operating exactly like the individual pneumatic 
closet already described; second, by a siphon outlet-end in which the 
water falls over a central weir that maintains the proper depth of 
water until the flush begins, and causes siphonage by breaking up 
and filling the channel as it passes through a constricted bend below. 
The latter method is shown in section in Fig. 46. Still another type 
of range is made to siphon by jet-action, just as the individual jet- 
siphon closet does, the trap providing a retaining weir which holds 
the water at the proper level in the range between flushes. 
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There are wash-out ranges with sloping weirs at the outlet to 
retain enough water to keep soil from sticking. These .are open 
troughs, and the plumber provides the trap. Some siphon ranges are 
of the open-trough pattern, but the trap or the siphon outlet is a part 
of the fixture. All open-trough ranges can be supplied with a venti- 
lating section from which a large vent pipe may be carried to a stack 
in which a draft is insured by a hot flue or some other means. Such 
ventilation changes the air in the room; and by having lids to all the 
seats, odors from the entire trough may be uniformly removed by 




Fljf. 45. Section of Ran^e Closet, with Double Trap and with Alr-Pli^e to Tank to ('ause 

Siphonlc Eduction. 

Ic'aving up one lid only, at the end opposite the vent pipe. Some 
forms, having individual flushing-rim bowls cast integral with the 
section, are supplied by one general flush pipe, as indicated by the plan 
and elevation shown in Fig. 47. In these, each bowl is separately 
water-sealed, as the normal water-level is above the general conduit 
into which the bowls discharge. 

Other forms, which receive the entire flush at one end, are water- 
sealed betw^een the seat holes. The seat-openings, instead of converg- 
ing like flushing-rim bowls, diverge downward, so that, as the water- 
level recedes in the sections during flushing, soil falls away from the 
surface by gravity instead of grinding against it. Therefore, so far 
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as olpanlincss is foiuvrnwl, tlie type with diverging surfa4?es butwitli- 
out the scouring effect of flowing water in the openings is, in openttion, 
the practical e(|uivalent of the flushing-rim type with convei^ng 
surfaces, ITie open-trough ranges, including the jet-siphon type, 
have perforated wash-down pipes along tlie sides and ends, which, 
however, have little value. The open troughs arc made in cast 
sections as long as convenient, joined hy flanges with rubber gaskets 
and bolts. Suit- 
able feet or chairs 
for supports are 
furnished with these 
fixtures. 

Cast partitjons, 
partitions and 
backs, and full 
compartment p a r- 
titions, with slat 
doors and indica- 
tors, are furnished 
to order in any 
style or combina- 
tion desired. For 
example, the range 
for a schoolroom 
may conast alto- 
gether of 24-inch 
sections or divi- 
sions, exceptonein- 

Plg.19. Section ot lUngB Closet, with SlphOQ-Outlet End. tgnded forthetcach- 

ers' use made 30 inches and fitted with dtxir and full-length partitions 
to give a thoroughly private compartment. Ilaiiges are usually made 
of cast iron, and almost invariably finished with enameled interiorand 
painted exterior. Bowl or section ventilation is provided for where 
possible. Wood seats and covers are generally used; but enameled- 
iron top frames with hinge<l seats and covers, and rigid enameled seats, 
are also made. 

The lower trap of a double-trap range must be ventilated. All 
soil-pipe stacks into which ranges dischai^, and fixtures connected 




to them, must lie well protected against siphonage, Ixfaus*; tlie volume 
of water discharged at one time by a range is sufficient to siphon tnips 
that would retain their seals 
under most other conditions. 

Urinals. Sectional uri- 
nals are made of the same ma- 
terials and finish, and with 
much the same h'pes of de- 
sign, as range closets. They 
are generally installed in the 
same classes of buildings as 
range closets; but such urinals 
will often be found in the 
same toilet-room with individ- 
ual closets. Roll-rim enam- 
eled troughs, with back and 
with simple perforated wash- 
down flush pipes on the back, 
are available. 

Single urinals arc usually 
of porcelain, although some 
have been made of iron. The common types are plain or lipped, 
made in flat-back and comer designs. Flat-lwck t}-pcs of both de- 




riR- IS. Flat-B&ck Tfpes o[ Single Urloalij. 

fflgns are shown in Fig. 48, All have flushing rims. Direct-flushing 
valves of the same type as used on closets, adapted to the purpose. 
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and cocks of various types, are the means of flushing generally pro- 
vided for a single urinal, l^^en two or more are placed in one toilet- * 
room, an automatic 
tank with branched 
flush pipe is em- 
j ployed. These tanks 
I are of greater variety 
than those used with 
range closets. The 
tilting bucket, pivoted 
within a tank case, 
which empties itself 
periodically by means 
of the flow of water 
changing the center 

ng. 49. AntomMIc nrlnnl-PlUHhlng Tanks. TUtlns- of eravitv tO the Un- 
Bucket TTpeBtLeliiSair-SlplioiiliiBalKlghl. w. 6 " i j iw "Jt uii 

supported side and 
lipping it just before it overflows, is a familiar type of automatic 
urinal-flushing tank. The standard tank with immovable parts, which 
siphons automaiically, is also prevalent. Examples of these types are 
illustrate*! in section in 



Fig. 49. 

Another design 
consists of a tank with 
common siphon, fitted 
with a ball cock which 
opens, instead of clos- 
ing, as the water in 
the tank lifts the ball. 
The interval between 
flushes is governed by 
a small bibb cock, 
which may be turned 
on more or less so 
to take greater or less Fi8-& 
length of time for the 
water in the tank to reach the ball. When water begins to lift the ball, 
^e ball cock also admits water. From this point the tank fills 
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rapidly. The higher the ball is lifted, the faster the tank fills, so that 
by the time the water-level reaches a point where water begins to flow 
over the neck of the siphon, it is coming into the tank rapidly enough 
to more than keep pace with the overflow necessary to start the siphon. 
True siphonage, however, empties the tank much faster than the sup- 
ply can fill it; and the tank is soon empty, leaving the small bibb cock 
to adnat water again slowly to where this action can be repeated. 

Individual urinals which siphon by admitting additional water 
to that which normally stands in the fixture, and various other types, 
will be best understood from a study of dealers' catalogues. In good 
work, marble backs and partitions usually enclose the urinals on 
three sides. Marble and slate stalls of various construction, with 
channeled and guttered floor, as shown in Fig. 50, all washed by 
perforated pipes fixed along the surfaces, are frequently used in lieu 
of specific urinal fixtures. A thick base of slab material is sometimes 
used, the gutter and drain-hole being cut in it. Cast-iron gutters, 
galvanized or enameled, with an outlet-end adapted to a soil-pipe 
connection, are supplied by the makers. 

In describing the fixtures and trimmings that have been noticed, 
only salient features of form and principles of design have been con- 
sidered. Sufficient guidance to insure intelligent comparison of 
merits and skilful discrimination in selection, has been given. Catii- 
logue detail and illustration, and a view of the actual goods described 
therein, should, with what has now been given, insure the fullest 
understanding of the fixture branch of Plumbing. 

HOUSE WATER SUPPLY 

WTiile the plumber is apt to give more attention to supply pipe, 
and to methods of installing it in buildings to secure specific service, 
water supply embra^ces also, in its broadest sense, the source and qual- 
ity of water and the means of conveying it to the building. Plumbers 
generally have little dealing with water supply outside of the house 
walls. Custom has fixed certain arbitrary sizes in ordinary work, to 
such a dejjx'ee that the average plumber has generally ignored informa- 
tion on the flow of water through pipes. Indeed, he is so rarely in 
actual need of this knowledge, that it appears a burden to acquire and 
to fix permanently in his mind the simplest formula bearing on the. 
subject. Enough information to determine approximate deliveries 
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and point the road to further research, will not be out of place in 
behalf of those who may need simple directions. 

The laws of gravity are the basis for the science of hydraulics, of 
which a prime factor of every problem is velocity. There is no excep- 
tion to the rule that all bodies falling freely, descend at the same rate — 
in round numbers, 16 feet for the first second, at the end of which the 
acquired velocity is one of 32 feet a second. This is the basis on 
which are formulated the laws of falling bodies, which, exhibiting 
what is known as velocity of efflua;, together with loss by friction, must 
be considered when calculating the flow of water. 

There are three kinds of velocity — uniform, acceleraied, and 
retarded. It is the last, and its cause, friction, that plumbers should 
be most interested in, as velocities calculated merely from the laws of 
falling Ixxlies do not take account of friction, change of course, etc., 
which must be allowed for as causes diminishing the delivery of water 
through pipes. Briefly stated, the mysterious-looking Torricellian 
formula I 25^/1 = V, means only that velocity is found by extracting 
the squarC root of the product of the head multiplied by 2 X 32, g 
standing for the force of gravity, and h for the height. For example, 
a stream filling a 1-inch pipe, with 25 feet head of water, would have 
a velocity calculated thus: 2 X 32 X 25 = 1,600; and the square 
root of 1,600 = 40 = Velocity, friction not considered. 

The shape of the orifice through which water enters a pipe, has 
much to do with the amount of water that will enter it. Friction 
against the sides of the pipe, and change of direction due to bends and 
connections, occasion great variation from the theoretical flow. Not 
only is the character of the pipe surface and fittings to be considered as 
initial causes varying the delivery, but velocity, the all-important 
factor, must be reckoned with in every instance. With a velocity of 
10 feet per second in a pipe of comparatively smooth interior surface, 
the friction loss in pounds on one square foot of surface will be about 
i pound. If this velocity is increased or diminished, the factor of 
friction will vary accordingly, always in proportion to the square of 
the velocity. Suppose the velocity to be 20 feet instead of 10 feet per 
second; we then have, 10 squared equals 100, and 20 squared equals 
400. The square of these velocities is as 1 to 4, and as we assign a 
i-pound loss to ten feet velocity per second, on a stated amount of 
surface, the friction due to doubling the velocity should be four times 
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a J pound = 2 pounds, showing that doubling the velocity increases 
the friction four-fold; trebling it increases friction nine-fold, etc. 

A column of water weighs .43 pound per square inch of base, per 
vertical foot. Therefore a vertical pipe 100 feet high, with 1-inch 
sectional area, filled with water, would contain 43 pounds, and a 
gauge at the bottom would show 43 pounds pressure. If the pipe 
were only J inch, or were 40 inches in diameter, the gauge would show 
the same pressure for the same vertical height — namely, .43 pound 
per square inch per vertical foot. A head of water expressed in feet, 
may be changed to pounds by multiplying the feet of head by .43. 
Pressure is made to read in feet of head by multiplying pressure per 
square inch by 2.3. A head of water is the number of vertical feet 
from level of source of supply to center of outlet or point of delivery. 

Diameter of the pipe has nothing to do with static head or pres- 
sure; but its relation to the size of the orifice from which tlie water 
is to be drawn has much to do with the amount of pressure lost by 
friction. If a faucet and supply pipe are of the same size, and we 
double the size of the pipe, the velocity of the water flowing through 
it is reduced three-fourths; and the friction is, under these conditions, 
but one-sixteenth what it was in the original size. Moreover, as in 
drawing similar amounts of water under the same head through a 
one-inch and a two-inch pipe, the amount of friction surface presented 
is twice as great in the one-inch as in the two-inch pipe, the friction in 
the one-inch can be shown to be 32 times as much as in the two-inch 
pipe. 

With the formula given, one can roughly approximate by finding 
the theoretical delivery and deducting a liberal percentage for friction, 
according to size, length of pipe, and head or pressure. The subject, 
however, is vast and tedious, introducing intricate calculations in 
higher mathematics when considered in detail with a view to extreme 
accuracy of results, and is a branch properly belonging to hydrodynam- 
ics, rather than suited to presentation at length here. Two tables 
are given, however, which with the rules for use, will be of value to 
those who fail to make further research. 

Table I shows the pressure of water in pounds per square inch 
for elevations varying in height from 1 to 135 feet. 

Table II gives the drop in pressure due to friction in pipes of 
different diameters for varying rates of flow. The figures given 
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Head 

in 
feet 


Pressure 

pounds per 

square inch 


Head 

in 

feet 


Pressure 

pounds per 

square inch 


Head 

in 
feet 


Pressure 

pounds per 

square inch 


1 


.43 


46 


19.92 


91 


39.42 


2 


.86 


47 


20.35 


92 


39.85 


3 


1.80 


48 


20.79 


93 


40.28 


4 


1.73 


49 


21.22 


94 


40.72 


5 


2.16 


50 


21.65 


95 


41.16 


6 


2.59 


51 


22.09 


96 


41.58 


7 


8.03 


52 


22.52 


97 


42.01 


8 


3.46 


53 


22.95 


98 


42.45 


9 


8.89 


54 


28.39 


99 


42.88 


10 


4 33 


55 


23.82 


100 


48.31 


11 


4.76 


56 


24.26 


101 


43.75 


12 


5.20 


57 


24.69 - 


102 


44.18 


13 


5.63 


58 


25.12 


103 


44.61 


14 


6.06 


59 


25.55 


104 


45.05 


15 


6.49 


60 


25.99 


105 


45.48 


16 


6.92 


61 


26.42 


106 


45.91 


17 


7.86 


62 


26.85 


107 


46.84 


18 


7.79 


63 


27.29 


108 


46.78 


19 


8.22 


64 


27.72 


109 


47.21 


20 


8.66 


65. 


28.15 


110 


47.64 


21 


9.09 


66 


28.58 


111 


48.08 


22 


9.58 


67 


29.02 


112 


48.51 


23 


9.96 


68 


29.45 


113 


48.94 


24 


10.89 


69 


29.88 


114 


49.38 


25 


10.82 


70 


80.32 


115 


49.81 


26 


11.26 


71 


80.75 


116 


50.24 


27 


11.69 


72 


81.18 


117 


50.68 


28 


12.12 


73 


81.62 


118 


51.11 


29 


12.65 


74 


82.05 


119 


51.54 


30 


12.99 


75 


82.48 


120 


51.98 


31 


13.42 


76 


82.92 


121 


52.41 


32 


13.86 


77 


33.35 


122 


52.84 


63 


14.29 


78 


83.78 


123 


58.28 


34 


14.72 


79 


34.21 


124 


53.71 


35 


15.16 


80 


34.65 


125 


54.15 


36 


15.59 


81 


35.08 


126 


54.58 


37 


16.02 


82 


35.52 


127 


55.01 


38 


16.45 


83 


35.95 


128 


55.44 


39 


16.89 


84 


86.39 


129 


55.88 


40 


17.32 


85 


36.82 


180 


56.31 


41 


17.75 


86 


37.25 


181 


56.74 


42 


18.19 


87 


37.68 


182 


67.18 


43 


18.62 


88 


38.12 


133 


57.61 


44 


19.05 


89 


88.55 


134 


58.04 


15 


19.49 


90 


88.98 


135 


68.48 
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are for pipes 100 feet in height. The frictional resistance in smooth 
pipes having a constant flow of water through them is proportional 
to the length of pipe. That is, if the friction causes a drop in pressure 
of 4 .07 pounds per square inch in a IJ-inch pipe 100 feet long, which 
is discharging 20 gallons per minute, it will cause a drop of 4 . 07 X 2 = 
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8. 14 pounds in a pipe 200 feet long; or 4.07 -^ 2 = 2.03 pounds in a 
pipe 60 feet long, acting under the same conditions. The factors 
given in the table are for pipes of smooth interior, like lead, brass, or 
wrought iron. 

Examples. — A l-^-inch pipe 100 feet long connected with a cis- 
tern is to discharge 35 gallons per minute. At what elevation above 
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the end of the pipe must the surface of the water in the cistern be to 
produce this flow? 

In Table II we find the friction loss for a l^-inch pipe discharging 
35 gallons per minute to be 5.05 pounds. In Table I we find a pres- 
sure of 5 . 2 pounds corresponds to a head of 12 feet, which is approxi- 
mately the elevation required. 

How many gallons will be discharged through a 2-inch pipe 
100 feet long where the inlet is 22 feet above the outlet? In Table I 
we find a head of 22 feet corresponds to a pressure of 9.53 pounds. 
Then, looking in Table II, we find in the column of Friction Loss for 
a 2-inch pipe that a pressure of 9.46 corresponds to a discharge of 
100 gallons per minute. 

Tables I and II are commonly used together in examples. 

A house requiring a maximum of 10 gallons of water per minute 
is to be suppUed from a spring which is located 600 feet distant, and 
at an elevation of 50 feet above the point of discharge. \Miat size 
of pipe will be required? From Table I we find an elevation or head 
of 50 feet will produce a pressure of 21.65 pounds per square inch. 
Then if the length of the pipe were only 100 feet, we should have a 
pressure of 21.65 pounds available to overcome the friction in the 
pipe, and could follow along the line corresponding to 10 gallons in 
Table II until we came to the friction loss corresponding most nearly 
to 21 .65, and take the size of pipe corresponding. But as the length 
of the pipe is 600 feet, the friction loss will be six times that given in 
Table II for given sizes of pipe and rates of flow; hence we must 
divide 21 .65 by 6 to obtain the available head to overcome friction, 
and look for this quantity in the table, 21 . 65 -r 6 = 3 . 61, and Table II 
shows us that a 1-inch pipe will discharge 10 gallons per minute with 
a friction loss of 3.16 pounds, and this is the size we should use. 

In calculating the contents of pipes, cylinders, and cisterns, 
where it is usual to correct the area found as a result of squaring the 
diameter by multiplying by .7854, before dividing by 231 for U. S. 
gallons, multiplication by the decimal may be omitted, and dividing 
by 294 instead of 231 will then give the same result. 

EXAMPLES FOR PRACTICE 

1. What size pipe will be required to discharge 40 gallons per 
minute, a distance of 50 feet, with a pressure head of 19 feet? 

Ans. IJ-inch. 
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2. What head will be required to discharge 100 gallons per 
minute through a 2i-inch pipe 700 feet long? 

Ans. 52 feet. 
TYPES OF WATER SUPPLY 

There are various ways in which it may be necessary to obtain the 
water supply for a building. The usual course in cities and towns is 
to employ the Municipal Water Works service. This, of course, settles 
the supply feature, and the plumber simply provides the house and yard 
pipe, |-inch or larger main, according to the character of the work. If of 
lead, the pipe must be of strength according with the pressure. Any of 
the light-weight grades of lead supply will stand 1 ,000 pounds per square 
inch for a short time; and the usual strength used on 50 to 80-pound 
pipe will not burst under 1,400 to 1,600 pounds when new and un- 
strained. Under constant pressure, the enormous strain possible 
from water-hammer, and general deterioration from use, make it 
advisable to employ pipe which, when new, is 20 times as strong as 
that necessary to contain the pressure. No attention is necessary as 
to the strength of zinc-coated or tin-coated iron pipe; it will stand 
any pressure ordinarily encountered. 

The two general methods of supplying buildings with water are: 
(1) the direct system; and (2) the indirect or tank system. The direct 
method, generally employed in cities, places each fixture connected 
with the supply under the same pressure as the street main, unless a 
reducing valve is introduced, thus often subjecting the work to need- 
less high pressure and always to the widely varying condition3 and 
quality of service incidental to such use. In the direct system it is 
good practice, where at all practicable, to pipe and fit the work gener- 
ally for pressure not exceeding 50 pounds per square inch, and then 
use a reducing valve to maintain such pressure as is required. 
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A common suction pump, shown in Fig. 65, is the ^pe generahy 
used in cisterns or other very short lifts. B is the plunger; C, the 
bottom valve; and D, the plunger valve. When the plunger is drawn 
up, a vacuum is formed in the cylinder, and water flows in through C 
to fill it. When the plunger is forced down, valve D opens and allows 
the water to fiow through the plunger while 
C remains closed. Water is thus raised by 
the plunger at each stroke and flows from the 
spout in an intermittent stream. The atmos- 
pheric limit is indicated in the engraving; 
but, as before stated, the practical lift is 
taken at 20 feet or less in pumps having the 
plunger valve at the ground level. The 
plunger in this kind of pump is made to 
trip the- bottom valve and drain the pump 
at will, without a waste4iole or special cock, 

by merely lifting the handle as hig^ as pos- i'tnr2' 

sible. 

\\Tien the surface of the water is a 
greater distance below the pump stock than 
ordinaiy suction can reach effectively, the 

cylinderand itsworkingpartsmustbe placed fik«. common Type otfiiic 
within the hmits of lift by suction. This 

form is termed a lift pump, one type of which is shown in Fig. 66. 
This particular form is confined to ordinaiy open shallow wells or 
deep cisterns. It drains automatically through a waste-hole always 
open below frost line, located in the stock above the working barrel. 
There is no limit except the strength of the parts, to which a good 
lift pump will not bring water if the cylinder is near enough to the 
water and the pump in good order. 
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The forcing feature of a pump, making it a lift and force pumpf is 
secured by working the rod of an ordinary lift pump through a stuffing 
box, and adding an air-chamber to take care of the surplus water 
pumped on the up-stroke and to expel it while the plunger is being 
lowered. All the water is pumped on the up-stroke of the plunger, 
in these pumps; and the expulsion of the surplus through the con- 
stricted spout, giving the familiar steady stream, is due to the action 
of the air compressed in the chamber. 

Double-acting lift and force pumps draw 
water by suction on both strokes, and act^ 
ually expel it by force into the discharge, 
the suction and force being alternate in the 
same cylinder on both sides of a solid 
plunger. The air-chamber in these cush- 
ions the delivery. 

It may be stated here that hot water can- 
not be lifted by suction, because the boiling 
point of water depends upon the pressure 
on it. Therefore, any endeavor to create 
a vacuum with a pump results in vapor 
rising so freely as to prevent accomplishing 
appreciable results. Warm water can be 
forced by having the pump below the 
source, and practically allowing the water 
to flow into the pump by gravity. 

In wells, whether driven, tubular, or open, 
it is advisable to have the cylinder very near 
the bottom. The pump standard, for hand 
use, should be strong, well-made, of 10-inch stroke, with rocking 
fulcrum, and with rod guided in perfect alignment; the handle lever- 
age at least 6 to 1; lift pipe not less than 2 inches; rod, hollow, gal- 
vanized or wood ; cylinder, at least twice the length of stroke, brass- 
lined, and not larger in diameter than the lift pipe — the whole being 
such that all valves can be withdrawn through the pipe and standard 
for repair or renewal without disturbing either standard body or pipe. 
A drain valve to empty standard and pipe below freezing point, is 
essential. A pump outfit of this character, to deliver water at the 
ground level, will require at the handle grip, 6 to 8 pounds force on 




Fig. 66. Tvpe of Lift Piimp 
Adapted to Long Lifts. 
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40-foot, 10 to 12 pounds on 50-foot, and 14 to 16 pounds on 60-foot 
wells. The lift pipe (above cylinder) should not be plain iron pipe. 
Polished iron cylinders ought not to be used, even though they are to 
be always submerged ; incrustation will make it difficult to withdraw 
the cup-leathers — ^to say nothing of other objections. 

The trouble with cylinders of larger diameter than the lift pipe, 
is the time and expense of withdrawing pipe and standard for repairs; 
and, of course, the power to pump with them equals the total lift midii- 
jdied by the sectional area of the cylinder in inches. 

The importance of cylinder diameter will be better understood 
by comparison. A total Uft of 100 feet, with cylinder 2 inches in 
diameter, gives 135 pounds, which, with the handle leverage at 6 to 1, 
will be lifted with from 22 to 25 pounds' force according to kind of 
rod, tightness of stuffing box, size of lift pipe, etc. With the same 
outfit and conditions, merely substitute a cylinder of 4 inches' diameter, 
and 540 pounds will then require to be lifted, which, with the same 
ratio of leverage, calls for ovet* 90 pounds' force on the handle to lift the 
water. Then, if the lift pipe is materially smaller than the cylinder, 
the increase in velocity, when the cylinder water enters the lift pipe 
calls for an additional force that would astonish one. This should 
make it plain why so many pump standards are wrecked, bolts worn 
oflF, holes worn oblong, handles broken, cylinders continually needing 
new valves, and owners disgusted ; it is all due to the lack of proper 
proportion of parts, and the enormous amount of needless work thus 
occasioned. 

Total lift is the distance from the level of the source pumped 
from, to the point of discharge. This includes height to elevated tank, 
if there be one, and the distance from cylinder to water, if the cylinder 
is above the water; yet many mechanics are inclined to ignore the 
latter on the ground that the atmosphere lifts the water to the cylinder. 
It does, in fact; but the power of the vacuum which permits the atmos- 
phere to lift the water, is as great as the weight of water so lifted, and 
the vacuum itself is produced and maintained by the energy of the 
person pumping. 

The pump being outside for the purpose of sprinkling, filling ves- 
seb, etc., need not interfere with employing it to deliver water under- 
ground to the house and up to elevated tank. A cock-spout, a packed 
stuffing box, and a line of pipe below freezing from lift pipe to tank. 
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are the essentials. Delivery to tank should be made over top of tank; 
and the line should have a cock and drain so that the tank pipe can be 
emptied when desired, and so that full force for sprinkling can be 
had by cutting off the tank line. When pumping to the tank, it is 
merely necessary to have the cock-spout closed and the shut-off of the 
tank line turned on. 

The advantages of having the pump indoors, at the sink, are, 
(1) that water may be pumped for use directly; and (2) that it is not 
necessary to go outside in bad weather in order to fill the tank. The 
indoor pump will also conveniently serve ordinary purposes whea 
other water fixtures of the house are out of repair. 

Small gasoline engines, by means of pumping jacks or other 
methods of actuating, are often used to operate pumps. Hoi-air 
engines are also frequently used for pumping purposes, such as lift- 
ing water to upper floors of buildings whenever the city pressure 
may be inadequate. 

' WindmiUs are a favorite means of operating outside pumps in 
localities where the mean wind velocity is high enough to run them 
economically. Light winds, and water at great depths, both con- 
tribute to increasing the size and cost of mills; while spasmodic 
winds require great storage capacity. If the mean wind velocity is 
under 7 miles per hour, mills are suited to very light pumping only. 
Windmills require self-priming pumps — ^that is, pumps that are 
always ready to pump water without adding priming or working 
rapidly to get water to the cylinder. They are also provided with 
governors to avoid pumping after the tank is full, and with means 
which high winds will automatically operate, for folding the mill out 
of the wind. Light winds and severe duty are counterbalanced to 
some extent by gearing the wheel for higher speed than is communi- 
cated to the actuating rod. 

HoUair engines can be used inaoors if the supply is witliin the 
vertical distance limit and not too far from the house. If the well or 
source is far away, it is best to build a fiDst-proof house for the engine, 
close to the source or over the well, so that direct connection to pump- 
rod can be made. Hot-air engines, like gasoline engines, depend on 
the momentum of the speed wheel doing part of the work. In the 
double-cylinder type, illustrated in Fig. 67, heat from wood, coal, gas, 
or oil expands the air under the piston of the power side, and drives 



266 



PLUMBING 67 

it up. At the same time, the other piston draws the air over through 
a heat accumulator of iron plates, where it comes in contact with a 
water-jacket that is filled by passing the pump discharge through it, 
the air thus losing some of its heat hy imparting it to the water in the 
jacket. The same air is then forced back through the accumulator, 
where it reabsorbs some of the heat previously parted with, and is 
compressed in its par- 
tially cooled state in 
the bottom of the cyl- 
inder on the combus- 
tion side, where, by 
again absorbing heat 
from the fuel, the proc- 
ess IS caused to be re- 
peated. Thus, by al- 
ternate expansion and 
contraction of the air 
contained, the engine 
is operated, the water 
pumped for general 
purposes aiding by ab- 
sorbing heat from the 
air as it passes through 
the jacket. 

Hydravlie water' 
lifts have of late years 
been used to elevate 
water by water-pres- 
sure. With them va- ^g_ „ OouMe^Cylinder Hot Air Kngliie (or Pumping 
nous arrangements of '^""^ '*"«' ^"pp"- 

piping to suit a wide scope of conditions are possible. If city water 
pressure does not reach the upper floors, the presstire on the lower floor 
may be employed to lift the supply for the upper floors, either for direct 
use from the pipe as usual, by aid of a closed accumulator, or by first 
deUvering the water elevated into an open tank and then piping as in 
the ordinary tank installation. The power-water of a lift (that used 
to elevate with) is not wasted as in the case of a ram. The service 
for the low-level fixtures is simply carried through the power cylinder 
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of the lift, and elevation takes place only during the use of faucets 
connected to the street pressure. The amount of water elevated is 
therefore governed by consumption on the lower floors; and the ratio 
of amount elevated to that used directly from the initial pressure, is 




Fig. 08. Method of Using City Pressure to Pump Soft Water for House Supply. 

as the capacity of the power cylinder to that of the one operated by it 
An approximate estimation of the relative amounts of elevated and 
initial supply needed, must, on this account, be made before a lift 
of proper construction can be selected. 

Cistern water can also be lifted by this method to either an open 
or closed tank, using or wasting the power water according to ciicum- 
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stances. In Fig. 68 is shown a plan by which the use of hard city 
water, useful for some purposes, is made to pump rain water for baths, 
trays, etc., by means of a water lift. 

Domestic supply ]by what is termed the Pneumaiic System, is a 
feature of modem plumbing in many isolated buildings. The manner 
of pumping, thou^ it may be accomplished by any of the means 
mentioned, is usually by hand pump. Instead of the open elevated 
tank supplying the fixtures by gravity, a closed tank capable of with- 
standing the required pressure is placed either in the cellar or in the 



Air Pump 
Conn^cUoD 




HOUJ» 

.^Connection 



Suction 



Fig; 00. Pneumatic Water-Supply Apparatus. 



ground. The pump is connected with the tank at the bottom, with a 
check-valve between the pump and tank. The house service is also 
taken from the bottom of the tank. Pumping the water in, crowds the 
air in the tank into the upper portion, so that, by the time the tank 
is three-quarters filled with water, there is in the neighborhood of four 
atmospheres' (or 45 pounds') pressure on the gauge. Part of the 
storage tank being, occupied by air, and much of the water in it not 
available under the pressure thus established, higher pressures are 
often employed, either by pumping air in with a separate pump, or by 
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use of a pump delivering both water and air. The former is the 
more satisfactory. 

A type of pneumatic service apparatus is shown in Fig. 69. The 
good features of these systems are that cheap and permanent support 
for the tank is secured ; the water is kept cool in summer and free of 
frost in winter; and, if sufficient capacity is provided, fire-pressure for 
a time can be obtained. The disadvantages are that plain iron 
cylinde'rs injure the water; galvanized cylinders are costly; large 
cylinders are hard to make and keep air-tight through the strain of 
transportation and installation; calking seams is expensive; a battery 
of small cylinders offer numerous seams and connective joints as 
chances for leakage, and only a fraction of the water is available under 
ordinary pressure; high pressure is severe on the pump and parts; 
and hand pumping is very laborious. Pressure higher than necessary 
for the purpose, is useless expense in any system. 

WASHER AND HYDRANT 

Assuming that a house is to be piped from city pressure, the 
fixtures of the yard are nearly always a street washer and yard hydrant. 
The principle of these is the same; but the washer is primarily intended 
for the attachment of hose for sprinkling purposes, while the 
hydrant body extends above ground so that vessels may be placed 
under the nozzle to have water drawn into them. The hydrant may 
be used to draw either w^ith or w^ithout a hose thread on the nozzle, 
while no use of the street washer is possible without the thread; hence 
there may be a material difference in the water rates, according to 
the possible uses the water can be put to. 

The valve of these fixtures is placed at the bottom, 2 to 5 feet 
below the surface, according to climate. The working parts can be 
withdrawn for repairs without disturbing the body. Waste-holes are 
open when the pressure valve is closed, so that the stem and body will 
empty to below the freezing point. The pressure waste-hole is not 
entirely closed until the hydrant or washer is approximately wide open* 
For this reason, turning the \vater only partly on when drawing or 
sprinkling, while it does no apparent harm, is likely to lead to trouble. 
If the ground is clay, it does not soak up the waste. If there is a 
cellar near, it will sooner or later find its way into it. 
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Even if care is taken in this regard and the hydrant valve fully 
opened when in use, there is a liability to serious dampness from the 
wastage into the ground of the water stored in the standpipe above 
the valve, which is always after a short period discharged below the 
ground-level through the waste-hole. 

The least trouble one may expect from careless use is that the 
ground around the fixture will be saturated, and the body stand full 
of water instead of draining away; and when cold weather sets in, 
damage by freezing will result. The action of frozen ground in pulling 
up on the body of these fixtures is severe. To avoid trouble from 
waste water and frost, certain precautions are taken in good work. 
The end of an iron pipe is too rigid for direct connection. To 
overcome this, fittings and nipples a;e added so as to make the 
connection indirect and secure the required spring in the joints and 
pipe, as well as freedom from torsion. A short piece of lead pipe 
answers the same purpose. A cavity formed about the base of the 
fixture and connections, permits freedom of action and greater im- 
munity from frost breakage. 

Usually, the only positive way to insure the waste water draining 
away harmlessly, is to bore a dry-well under the fixture and fill it 
with broken rock or fragments of hard brick. This filling should 
extend a little above the bottom of the fixture, and should have a stout 
cloth folded about the body and tucked down around the brick at the 
edges so that the earth cannot wash in and choke the crevices of the 
filUng. 

SERVICE PIPES 

The supply to the house should have a stop and waste immediately 
outside the wall — or, preferably, just within the wall if the cellar is 
frost-proof. For outside use, the iron case box is best. Combination 
stop'and waste cocks or valves of similar principle are generally used 
for this and all other shut-off purposes in plumbing work, where the 
waste feature is permissible at all. Two separate valves or cocks 
serve the purpose perfectly, of course; but the waste is likely to be 
forgotten, thus leaving the pipe filled and subject to frost. Merely 
closing the stop and opening the waste will not, however, drain the 
pipe. It is necessary, also, to open the faucets in the house, in order 
that air may enter at the upper end of each line and counterbalance 
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the atmospheric pressure at the waste so that the water will run out 
by gravity. If the pipe is sagged at any point, the water retained 
will have to be blown out with the lungs. If the pipe is trapped by 
reason of its course, the trap is, or should be, provided with a drain 
cock, and this must also be opened to insure thorou^ draining. Aiiv 
chambers usually drain without attention as they are only partially 
filled by compression of the air trapped in them, and when the pres-iure 
is off, the air expands again and drives the water out. 

While speaking of draining pipes, it may be well to mention (he 

draining and protection of waste traps from frost as well. Closet 

tanks can be drained by simply 

pulling the chain when the water is 

off. The bowl may be emptied 

with a sponge or rag; but, as com- 

municaticm would thus be opened 

between the house and soil pipe, 

this plan is not advised for any 

kind of trap. Common salt added to 

the water in the trap will prevent 

freezing until the contents chill 

below zero, Fahrenheit. Caustic 

soda lowers the freezing point, and 

may lie used in earthenware with 

pta^ onBMethoaorprowcungser- impunity; but while it lias shown 

tbroi^ wSe chliinei^ v^i no noticeable effect on metals, it 

anoPacked In Mlneial Wool. i iii ■ '., ,' ■> . ■■ 

should be used with caution, if at all, 

in both metal and porcelain-enameled iron fixtures. Glycerine and 
wood alcohol added in equal parts to make a 30 per cent solution In 
the trap or fixture, will prevent freezing above zero. If the house 
is being drained for a considerable period of disuse, the best anti- 
freezing and seal-protecting filling for ordinary traps is, perhaps, 
glycerine alone. It has the advantage of doing no injury whatever 
to any material used in such goods, and it will not evaporate. 

While it is sometimes necessary to place pipe in exposed positions, 
plumbing is not satisfactory if so exposed as to freeze during regular 
occupancy of the house ; and every precaution should be taken to locate 
the fixtures and design the pipe system so that freezing will be unlikely. 
When exposure cannot be avoided, placing the hot service below the 
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cold on horizontal runs; providing drculation in the hot service so 
placed; provision for circulation in, or otherwise warming, the cold 
service; and employment of liberal air-chambers, may singly or 
otherwise reduce the trouble from freezing to a minimum. Fig. 70 
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illustrates the precaution taken in one instance to protect the service 

in a cold-climate job. Water for the whole job always depends upon 

the service being in working order, and in this case the character of the 

ground prohibited drilling down to cany it under the area wall. The 

wall is shown liberally channeled, 

thus making three walls and the ends 

of the box of stone. The pipe is 

packed in mineral wool. The main 

stop and waste cock is shown at A. ' 

Fig. 71 shows a method of se- 
curing flexibility necessary to com- 
pensate for settling when connect- 
ing an iron service pipe with the 
street main, a section of lead sup- 
ply being wiped in next the main. 

_ _ The service box and stop-cock at 

Fig- 71. Service Pipe Carried beneath '^ 

Foundation Wall. the curb are not shown in the en- 

graving. The earth under the pipe should be rammed down solid 
after the connections are made, so that pressure from above will not 
break the connection or strain the cock. The connections between 
the lead and iron pipes should be made by means of brass ferrules 
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and wiped joints. A stop and waste cock should be placed in the 
service pipe just inside the cellar wall, and in a position where it will 
be accessible in case of accident. A drip pipe should be connected 
with the cock tube, for draining away the waste water, which would 
otherwise saturate the frost-proofing and chill the pipe by con- 
duction. 

Simple boxes with multiple walls with air-space between, may be 
employed in protecting pipes against frost; or a single box with mineral 
wool, hair, felt, shavings, or granulated cork may suffice. When the 
service is brought under the foundation before entering the cellar, 
as shown in Fig. 72, frost-proofing is seldom necessary. 

DIRECT SUPPLY 

The salient features of the supply system for city pressure, not 
already mentioned, are; separate shut-off cocks for the supplies of 

each fixture; separate lines to oach 
isolated fixture or to each group 
of fixtures; |-inch supply to all 
sinks, trays, and baths; i-inch 
supply to water-closet tanks; and 
i or f-inch branches for lavatories; 
no traps in supply lines; return cir- 
culation from lavatory hot supply 
so that hot water can be drawn 
instantly at the lavatory faucet; 
storage cylinder for hot water amply large to furnish a hot bath with- 
out robbing the hot ser\'ice for other purposes; faucet on sediment 
pipe, so that water can be drawn at that point when desired ; and 
proper stove connection. All shut-offs in direct-pressure work, ex- 
cept where located immediately at the fixture, should be stop and 
waste, with the waste on the house or fixture side. 

On single nins of lead pipe, make all bends on the same size of 
pipe, of the same radius. Make no bend on any size pipe, except 
tubing, of less than 3-inch radius to the center of the pipe. Give f 
and f-inch pipe bends 3-inch radius; and | and 1-inch pipe bends, 
4-inch radius. Where two pipes of different size run together and 
bend in opposite directions, give the bend of the smallest pipe the 
radius prescrilxxl for the bend in the larger one, if practicable. 




Fig. 78. Method of Laying Out Con 
centric Bends in Parallel Pipes. 
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TABLE III 
Data Relating; to Offsets 



1 



30 ° 
221= 



53° 



1.15 
1.414 

2.00 



Where more than one pipe bend in the same direction, make the 
bends of the pipes form arcs of concentric circles as shown in Figs. 73 
and 74. To set off the offsets in Fig. 
74, draw line A, at the end of the 
first bends; and with the proper 

radii, describe the ares that outline v^'-^-L 

them. Set off one-eighth of the /^N'"""- 

circumference of the circle corre- ' , '' i\rl - 

spending to the larger are, and draw i *~V*^~""'3^X /y 

line C, cutting the center of the ' 

circle. Then produce dotte<l line i 

D, and set off a square the diagonal ] 

of which will give the straight 

pieces of the offset desired; and 

produce E parallel to C. Nest de- /^*V^> ^" \ 

scribe the arcs outlining the second /Jll/x"^', * \ * 

bends, finding the center on E from 1 » '--'^' ,' / 

radius equal to the corresponding T- ^'^J\f 

radius at A, which will be at the 

intersection of E and B. This 

brings the offset parts the .same 

distance apart as the runs are. To 

accomplish this result with iron 

.1 , f ir I r>... DIslAnce between Them. 

pipe, the centers of 45-degree nttmgs 

would have to be place<l at the intersection-s of tangents of the arcs, 
thus throwing the fittings in a line deviating 22\ degrees from one 
perpendicular to the run. This plan is the strictly correct way; but 
on account of the difficulty of laying out the work, it is more usual 
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to line up offset fittings perpendicular to the runs, and let the oflfset 
pieces fall, as they will, nearer to each other, center to center, than are 
the lines of the runs. 

Offset pieces from center to center of fittings exceed in length 
the distance offset in the ratio indicated by the constants given ia the 
accompanying table. To find the length of an offset piece, center to 
center of fittings, simply multiply the distance the line is to be offset, 
by the constant given for the particular fittings to be used. 

Water Supply to Fixtures. In a small installation, the running 
of a separate supply to each fixture is desirable. There is, however, 
a limit to the number of fixtures and isolated location of them, beyond 
which the furnishing of separate supplies to each faucet is folly, as, in 
addition to the confusion of pipes, and the expense, it leaves more ma^ 
terial open to possible failure, and does not reduce the chances of 
lack of ser\^ice in proportion, the sole object of separate supplies 
(and of cocks, too) being to avoid losing the service of other fixtures 
during times when one of them, or its supply or waste, must be 
repaired. 

In a residence job, two main supplies to each bathroom, with 
separate stops for each fixture, are sufficient; and a return circulating 
pipe from the lavatory will serve every purpose, as the water is kept 
hot in the main line to the bath branches. 

The pump and kitchen-sink work of a country job of this type is 
shown in Fig. 75. The pump air-chamber discharge leads up to 
and over tank. An opening near the pump provides for elevating 
water by other means if desired. The pump faucet is piped up and 
over so as to discharge into sink. The tell-tale pipe from tank leads 
down behind sink-back and out through a nozzle, as shown. The 
sink supplies are fitted with stop-cocks. The pressure being light, 
there are no air-chambers to the sink faucets. The supply to pump 
is from a large cistern. 

Fig. 76 shows the supplies of the same job, on the kitchen ceiling. 
The system provides positive circulation to keep hot water near the 
bathroom fixtures. The hot supply is on the left side for each fixture. 
There is only one pipe crossed, and it does not interfere with draining 
the job. There are no traps in the supplies, nor drain cocks, to be 
forgotten. There is a relief line from the reservoir to the tank, so 
that it is not possible to close every means of escape for vapor or steam 



276 



Fig. TB. Pump uul Kltcben^Slnk of a Country IiistallaUoiL 



78 PLUMBING 



from the reservoir. The hot supply and cold service are both open to 
the air at the tank. 

The disadvantage of this job is that the cocks which stop the hot 
water to the bathroom are over the reservoir. While each fixture is 
controlled separately, by cocks in addition to its regular faucets, all 
the lines are not under control individually. This arrangement 
embraces every feature essential to good service and with the least 
possible material. The nickeled supply in bathroom is thus reduced 
to a minimum, and the chances for leakage to do damage are greatly 
lessened. For comparison, the kitchen work of an actual installation 
with separate supplies, having one bathroom and three odd fixtures, 
is shown in Fig. 77. This number of fixtures is considered about 
the limit in strictly separate supply work for residences, when all the 
lines radiate from one point, as they do in this case. In order that 
their purpose may be understood, the pipes shown in Fig. 77 are 
numbered. Pipe 1 carries the water from the house force-pump to 
the tank, and is arranged to discharge over the top of the tank. The 
tell-tale pipe, 2, is from the tank, and discharges in the sink, so that 
the person using the pump will know, when water flows from it, that 
the tank is full to overflowing. The cold-water supply to the butler's 
sink is No. 3. No. 4 is the hot-water supply to the same fixture. 
Pipe 5 is the return circulation from the bathroom hot supply. To 
make proper circulation certain at all times, regardless of the trap in 
the hot-ser\^ice pipe made by dropping from the boiler and running 
across under the sink before rising to the second floor, the hot-service 
pipe is continued to the attic and a return made from there, an air- 
pipe being taken from the highest point over the tank, to prevent its 
becoming air-bound. The position of the stop-cocks is such that they 
will drain without giving special attention to the waste water, which 
discharges into the sink; and the cocks are within easy reach from 
the floor. Pipe 6 is the cold-water supply to the bathroom fixtures. 
The supply to the water-closet tank is taken from pipe 9, which 
passes under the closet room,^a cock being placed just above the floor. 
Pipe 7 is the hot-water supply to the bathroom fixtures. The main 
cold supply from the tank is pipe 8, which has a cock over the sink, 
and is also provided with a valve at the tank. Pipe 9 supplies cold 
water to the laundry, the hall lavatorj', and the water-closet already 
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mentioiittl. I'ipc 10 supplies hot water to the laundiy and the hall 
lava fairy. 

All of the service pipes, both hot and cold, above the first floor, 
are continued upward from the kitchen ceiling through a partition 
to and over the tank. This allows air to enter the pipes and drain the 
lines when the stop-cocks on them are turned off. 

Baths do not need circulation for the same reason that lavatories 
do. lavatory faucets are small in nozzle, as a rule; only small 
quantities of water are needed at a time; and it is annoying to have 
to waste time in drawing out cold, "dead" water and enough more 



f'lg.'TT. Kitchen AirBngemem ot a Sepftrate Supply Tank In- 



to warm the pipe line, before warm water can be had at the faucet 
Where the water must be pumped by hand this is still more a^ra- 
vating. Kitchen sinks are close to the hot supply source, and do 
not need circulation. Lavatories and other fixtures remote from 
the bath or main toilet room, are sometimes served from the circu- 
lating loop instead of separately. 

Hot-Water Storage. The storage cylindei for hot water is 
made in both horizontal and vertical types. \\'hcn heated by stove 
connections, the vertical type, shown in Fig. 78, is best; and this 
tj-pc is usually employed. The only difference in the standard makes 
is the position of the connections. Both vertical and horizontal 
types are connected ami operate on the same principles, and the 



80 



PLUMBING 



Cold Watar 
Supfty 



I 



I 



Siphon Hole 



nn 



I! 



![ 

It 

!! 

II 
II 
|( 
II 
M 
II 

i; 



arrangement of one may be deduced from the modtts operandi of 
the other. The vertical type, for example, of iron or mild steel, gal- 
vanized inside and out, single- or double-riveted, heavy, and calked 
according to pressure designed for, is generally divided into two 
classes — Standard and Extra Heavy, Seamless copper cylinders, 

reinforced inside 
Hot Water to Bufidin9 for heavy work, 

are made. 

The light 
copper shells for 
light pressure, 
not reinforced, 
are collapsible 
under partial 
vacuum, and 
frequently do 
collapse when 
the supply is be- 
ing drained, on 
account of the 
delivery failing 
to admit air to 
take the place of 
the water. Cop- 
per shells are 
also much more 
likely to rupture 
under strain than 
iron or steel 
shells. Take, 
for instance, a house with copper storage cylinder, with hot fire and in 
extremely hot water, as on wash-day; then, if the pressure is suddenly 
reduced by opening a faucet or otherwise, and the temperature is 
far above the boiling point of the water under the remaining pressure, 
the tendency is for the whole volume of water to turn instantly to 
steam. This has happened with disastrous eifect in more than one 
instance, the copper shell being ripped and spread out almost in 
a plane. 
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Fig. 78. Vertical Tyi>e of Hot- Water Storage Cylinder Adapted 

for Range Heating. 
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Rumbling noiae is frequently heard in any type of reservoir. 
Water being heated throughout, or perhaps only at some points in 
the stove, to above the boiling point corresponding to the pressure, 
steam bubbles form in the hottest places and crowd the water4>ack 
into the main or into the air-chambers to make room for themselves. 
It is the concus^on caused by the collapse of these bubbles forming 
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and condensing in rapid succession, that creates tlie rumbling noise. 
This condition sometitnes results from a brisk fite when the reservoir 
water is not overheated, and is due to air-traps in tho connection, or 
constriction by incnistation or otherwise. Rumbling under this 
condition is a cause for prompt investigation. 

The means of heating may be a cast back or front, or a hand- 
made pipe coil in the firebox. Aip traps favoring the formation 



82 PLUMBING 



of steam are occasioned by wrong inclination of the connection, by 
reduction of its diameter in the horizontal part, or by the upper hole 
of a cast b&k being tapped below the top of the water cavity. The 
bottom of a reservoir is below the firebox level when placed on the 
regular stand. When it is desirable to connect a reservoir with two 
water-backs, one in the kitchen range for regular service and another 
in a laundry stove in the cellar, the plan of connecting them seen in 
Fig. 79 is proper. In this case, either stove may be used sepa- 
rately, or both together, as occasion demands. The sediment 
cock of the upper reservoir may be handy to draw from at times; 
but the lower one will be found to collect most of the sediment, and 
should be opened quite frequently to cleanse the water-back and con- 
nections. 

In laundries, public bathrooms, etc., where a large amount of hot 
water is used, it is necessary to have a larger storage tank and a 
heater with more heating surface than can be obtained in the ordinary 
range water-back. Fig. 80 shows an arrangement for this purpose, 
using the horizontal tj'pe of storage tank. The tank may be of gal- 
vanized wrought iron or steel, any size desired, and is usually sus- 
pended from the ceiling by means of heavy iron stirrups. The heaters 
used are similar to those employed for hot-water house w^arming. 
The simplest method of making the connections is indicated in the 
illustration. If the supply is from a street service, or there are faucets 
on the storage tank supply below the hot storage reservoir level, 
making it possible for the tank to become empty through those faucets 
or failure of the street supply, there should be a check-valve in the 
cold-water connection. 

The capacity of the heater and tank employed will depend upon 
the amount of water used. In some cases a large storage reser- 
voir and a comparatively small heater are preferable, and in others 
the reverse is more desirable. 

The required grate surface of the heater may be computed as 
follows: — First determine or assume the number of gallons to be 
heated per hour, and the required rise in temperature. Reduce gallons 
to pounds by multiplying by 8.3, and multiply the result by the rise 
in temperature to obtain the number of thermal units. Assuming a 
combustiort of five pounds of coal per square foot of grate, and an 
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efficiency of 8,000 thermal units per pound of coal, we have the 

formula : 

/^ , . . ,^ Gal. per hour X 8.3 X Rise in temp. 
Oral. ^rf«e ,„ „,. ft, E __ ^^ E . 

Example. How many square feet of grate surface will be 
required to raise the temperature of 200 gallons of water per hour 



Fig. 80. Horizontal Type o( Hoi-Wawr Storat'o Cvliniler Coo- 
uecled lo Hcuii^r. 

from 40 degrees to 180 degrees? Substituting values in the above 
formula, we have: 

200xe.3"x (lSO-40) 



- — 5.8 square feet, 

vater rc(niire<I for 
cualomary to allow from 20 to 30 gallons per tub, and to consider 



5X 8,000 
In computing the amount of water rc(niire<I for l>athtubs, it is 
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that the tub may be used three or four times per hour as a maximum 
during the morning. This will vary a good deal, depending upon the 
character of the building. The above figures are based on apartment 
hotel practice. 

Storage cylinders or reservoirs for hot water are often called 
boilers, but will henceforth be referred to as reservoirs. A stove or 
range connection is essentially described as follows: The sediment 
pipe should terminate in a faucet at the lowest point in the bottom 
connection, which connection should rise continuously from the 
lowest point to the bottom hole in the heater. No direct connection 
should ever be made between the water supply pipes and the drain. 
Even if such a connection is above the trap of a fixture, there is some 
danger that foul liquids or gases may penetrate for some distance into 
tlie supply pipes and thus afford a possibility of contamination of the 
water supply. The upper connection should rise continuously from 
the upper hole of the heater to the hole in the side of the reservoir; 
or, if preferred, in order to get hot water instantly after the fire begins, 
the upper connection may rise and connect into the main hot service 
over the reservoir. The circulation will be the same; but in general, 
connecting at the hole in the side gives best results, though in this 
case the first portion of water heated mingles with the balance in the 
upper end of the reservoir, and the following portions in succession, 
so that no hot water can be obtained until all the water above the 
side hole is warmed. The bottom hole serves for emptying, cleansing, 
and circulation to the stove. 

The return circulation is always connected to the bottom pipe 
of the stove connection, as shown in Fig. 81, in which the hot service 
and circulating pipe are represented by dotted lines. The side hole 
is simply to receive the water from the stove. There are, or should be, 
two holes in the top, one in the center of the head, and the other about 
half the radius in the direction of the side hole. The eccentric hole 
is for cold-water entry. The cold supply might be admitted at the 
bottom, but the result would be to empty the reservoir when the house 
supply is turned off. The cold supply is not emptied abruptly into 
the top of the reservoir. A delivery pipe is extended to very near the 
bottom, say within two or three inches, so that the water will mingle 
directly with the coldest portion near the bottom, where it begins its 
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journey to the stove to be heated. The usual way is by simple open- 
end pipe, but the end of the pipe should be plugged and holes drilled 
in the pipe and plug so as to form a spray delivery. This does not aid 
the delivery or heating at all, but the spray will scour the bottom and 
sides adjacent when the reservoir is emptied and flushed to rinse out 
scale and sediment. Immediately under the upper head, the delivery 
pipe must have a J-inch hole drilled in, so that air will enter and 
break the siphon, and thus avoid inadvertently emptying the reser- 
voir when intending only to cut oflF the supply and drain the pipe. 
See Fig. 78. 

The «ipAow hole, as it is termed, 
should be turned in the direction 
opposite the eccentric hole, which 
is for the hot-water exit, so that the 
stream of cold water which issues 
there when water is coming iuto the 
reservoir will not cut across and in- 
terfere with the hot service which 

is always leaving the reservoir at the m:..ic:.,J:..: .'l %W(^L%:mM:^rm% 
same time. If the delivery were 
placed nearest the side hole, hot 
water from the stove would have to 
pass around it in order to reach the 
exit. Delivering the cold through 
a pipe passing down through the 
volume of hot water is no material 
retardation of the heating process. 
The heat thus absorbed by the cold 
delivery is simply that much aid to 
the ultimate purpose. This cannot 
be said of the siphon-hole jet when directed across the hot exit or 
in its direction. 

The object in putting the siphon-hole near the upper head is to 
avoid siphoning more water than necessary, as the waste tubes of 
stop and waste cocks are generally left open — not connected to drains, 
and often not even discharging where the waste can be left to take 
care of itself. Moreover, it is a waste of the stored hot water to 
siphon out several inches from tlie hottest point. 
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ig. 81. Pipe Connections to Heater and 
Fixtures. Hot Service and Circula- 
ting Pipe Shown by Dotted Twines. 
Return Circulation Connected 
to Uottom Pipe in Water- 
Back. 
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Care should be taken not to have the hot connection extend into 
the upper head below the inner surface, as this would form an air- 
space which could not be filled with water, and thus annoying noise 
and the formation of steam would be favored, if no other consequence 
presented itself. 

It is essential to keep the water-back or coil filled. Sometimes 
the supply may be off for a day or so. No water can then be drawn 
at the regular faucets; and extreme care should be taken not to draw 
too much from the sediment faucet, as this is the time when temptation 
to use it is hard to overcome. The reservoir full will keep the level 
above the side hole for weeks, if none is deliberately drawn out. The 
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Pig. 82. Horizontal Hot- Water Storage Reservoir with Steam Coll of Brass Pipe for 
Heating. Used Where Steam Pressure is Constantly Maintained. 

height of the water can be told by tapping on the shell, and in no case 
should it be allowed to fall below the side opening; neither will it do 
to empty the reservoir and use the fire with the back empty. Either 
keep water in the reservoir in cases of emergency, or remove the water 
heater altogether and substitute a tile back until regular water supply 
can be had. A reservoir can be replenished with a pail and funnel, 
by hand, by loosening one of the top connections. 

In apartment or other houses where steam pressure is constantly 
maintained, the whole plumbing system is usually supplied with hot 
water througli the medium of a reservoir provided with steam coil of 
brass pipe, as shown in Figs. 82 and 83. The trombone coil, illus- 
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trated in Fig. 82, can be used only on horizontal tanks; it would not 
drain in any other position. The water of condensation is generally 
wasted into the sewer, delivered to a hot well, or returned by steam 
trap. Steam heat in such instances takes the place of the water 
heater used in stoves and ranges in general domestic work. 

The efficiency of a steam coil when surrounded by water is much 
greater than when placed in the air. A brass or copper pipe will give 
off about 200 thermal units per 
square foot of surface per hour for 
each degree difference in temper- 
ature between the steam and the 
surrounding water. This is assum- 
ing that the water is circulating 
through the heater so that it moves 
over the coil at a moderate velocity. 
The ratio of absorption decreases 
as the temperature of the water ap- 
proaches that of the steam surface. 
In assuming the temperature of the 
water, take the average between that 
at the inlet and that at the outlet. 

Example. How many square 
feet of heating surface will be re- 
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quired in a brass coil to heat 100 > 

gallons of water per hour from 38' «» „_,, ,„, 

\ *^ Fig. 88. Vertical Stora&re Reservoir wltb 

degrees to 190 degrees, with steam steam oou of Brass pipe for Heating. 

*^ o » Lsea Wnere Steam Pressure is 

at 6 pounds' pressure? constantly Maintained. 

Water to be heated = 100 X 8.3 = 830 pounds. 
Rise in temperature = 190 - 38 = 152 degrees. 
Average temperature of water in contact with the coila 

= 2 ~ ^^^ degrees. 

Temperature of steam at 5 pounds' pressure = 228** approximately 
(actually 227.964°). 

The required B. T. U. per hour = 830 X 152 = 126,160. 

Difference between the average temperature of the water and the tem- 
perature of the steam = 228 — 114 = 114 degrees. 

B. T. U. given up to the water per square foot of surface per hour = 
114 X 200 = 22,800. Therefore, No. of feet of heating surface required 

_ 126,160 _ 



22,800 



= 5.5 square feet. 
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EXAMPLES FOR PRACTICE 

1. How many linear feet of 1-inch brass pipe will be required 
to heat 150 gallons of water per hour from 40 to 200 degrees, with 
steam at 20 pounds' pressure? Ans. 21 .3 feet 

2. How many square feet of grate surface will be required in 
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F^g. 84. Storage Tank Heated by Steam Coll In Winter; Cross-Connected to Coal 

Heater In Summer. 

a heater to heat 300 gallons of water per hour from 50 to 170 degrees? 

Ans. 7.4 sq. ft 
3. A hot-water storage tank has a steam coil consisting of 30 
linear feet of 1-inch brass pipe. It is desired to connect a coal-burning 
heater for summer use, which shall have the same capacity. Steam 
at 5 pounds' pressure is used, and the water is raised from 40 to 180 
degrees. How many square feet of grate surface are required? 

Ans. 5.9 sq. ft. 
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Hot Air Sheil 
otFumace 



4. A hotel has 30 bathtubs, which are used three times apiece 
between the hours of seven and nine 
in the morning. The hot-water sys- 
tem has a storage tank of 400 gal- 
lons. Allowing 20 gallons per bath, 
and starting with the tank full of ^ 
hot water, how many square feet of § 
grate surface will be require*! to heat 
the additional quantity of water 





within the stated time, if the tem- y^^.^ Crosa-Connectlon of storage Tank 

perature is raised from 50 to 130 to pirepot of Pumace. 

degrees? Ans. 11 .6 sq. ft. 

If steam at 10 pounds' pres- 
sure is used instead of the 
heater, how many square feet 
of heating coil will be re- , 
quired? Ans. 15.3 sq. ft. 
Sometimes a storage tank 
is connected with a steam- 
heating system for winter use, 
and cross-connected with a 
coal-burning heater for sum- 
mer use when steam b not ' 
available. Such an arrange- 
ment is shown in Fig. 84. A 
cross-connection for the same 
purpose is often made to the 
fire-pot of the house-warming 
heater, as indicated in Fig. 85. 
A drain at the lowest point is 
essential, but so deep a dip as 
shown is not necessary. 

Temperature Regulation. 
Hot-water storage tanks hav- 
ing special heaters or steam 
coils, should be provided with 
some means for regulating the 

temperature of the water* Fig. 86 shows a sunple form attached to a 




Fig. 86. Temperature Regulator Attached to 

Coal Heater. 
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coal-buming heater. It consists of a hollow casting about nine inches 

long, tapped at the ends to receive 
2-inch pipe, and containing a second 
shell called the steam generator, 
shown in detail in Fig. 87. The outer 
shell is connected with the circula- 
tion pipe as shown in Fig. 86. The 
generator is filled with kerosene, or 
^„ a mixture of kerosene and water. 

Fig. 87. Steam Generator of Tempera- 
ture Regulator Shown in Fig. 86. depending upon the temperature at 

which it is wished to have the r^ulator operate. The inner chamber 

n 





Fig. 88. Temperature Regulator Connected to Steam ColL 

connects with a space below a flexible rubber diaphragm in a sepa- 
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rate case adapted to operate the draft lever. The lx>iling point of 
the mixture in the generator is lower than that of water alone, and 
depends upon the proportion of kerosene used, so that when the tem- 
perature of the water in the outer chamber reaches this point, the 
mixture boib, and its vapor creates a pressure which moves the dia- 
phragm and closes the draft door of the heater, with which it is con- 
nected. 

A form of regulator for use with a steam coil is shown in Pig. 88. 
This consists of a rod made up of two metals having different coeffi- 



Flg. ea. Oas Heater with 



cients of expansion, and so arranged that the difference in expanaon 
will produce sufficient movement to open a small valve when the 
water reaches a given temperature. This allows wat«r pressure 
from the street main with which it is connected, to Sow into a chamber 
above a rubber diaphragm, thus closing the steam supply to the coil. 
\Mien the water cools, the rod contracts, and the pressure is released 
above the diaphragm, allowing the valve to open and thus again admit 
steam to the coil. 
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R«tum circulation is provided in these installations in the w&j 
already described, being even more essential than in small jobs with 
shorter runs and fewer fixtures; yet one would think that the great 
number of fixtures served would insure at least one or another being 
in constant use, and thus keep warm water in the main lines without 
special provision for the purpose. 

In cottages with no bath and with small culinary requirements, 




reft 
r£ff 
r£ff 



Controlled by Ther- 
moatatlc Valve Pro- 
jecting Into Latter. 



. Enlarged Section of Qas Heater Shown In Fig. BOl 



a SO^lton resen'oir is sufiicient* Not less than 40 gallons should be 
employed for a bathroom job. The capacity of the average stove 
heater is even too great for 40 gallons' storage unless there is liberal 
use of hot wafer; but where gas is used and the water heating inde- 
pendent of tlic cooking heat, as it generally is, the temperature can 
be regulated to suit. A storage capacity of 52 gallons or more is 
usual for laige residences. 



PLUMBING 



93 



Gas Heaters, There are gas heaters provided with thermo- 
static or pressure mechanism by which the hot service is taken care 
of automatically. The latter of these are simply connect^ in the 
line in a convenient place. In one tj^, the appearance and con- 
struction of which is shown in Fig. 89, simply opening any hot-water 
faucet reduces the pressure, and the gas is thereby turned on. A pilot 




Fig. 03. "Instantaneous" Heater Connected to Gas Supply Pipe. Gasoline is 

Sometimes Used instead of Gas. 

light ignites it, and the supply is heated as fast as it passes through the 
copper coils of the heater. No storage capacity is required by this form. 
In another form, shown in Fig. 90, the heater is controlled by a thermo- 
static valve projecting into the regular reser\'oir used with it. When 
the water in the rt»servoir is heated to the desired temperature, the 
gas supply is reduced or cut off. A section of this heater is shown 
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in Fig. 91. It consists of a chamber surrounded by an outer jacket 
with an air-space between. Circulation pipes, through which the 
Water passes, are hung in the inner chamber, just above a powerful 
gas-bumer placed at the bottom of the heater. Drawing water from 
the hot faucets lowers the temperature in the reservoir through the 
cooUng influence of the incoming water, and the thermostatic prin- 
ciple is again made to serve in opening the gas-valve until the water is 
heated to the desired temperature. 

There are other arrangements consisting essentially of an encased 
copper coil, above a gas-bumer, connected 
to a standard reservoir at top and bottom. 
In these, the gas is turned on and regu- 
lated by hand as nearly as possible to suit 
the needs. 

Instantaneous water-heaters, operated 
by gas or gasoline, and placed in prox- 
imity to the fixtures served, as shown in 
Fig. 92, so as to deliver the heated water 
directly, are in general use where local 
conditions favor them. These have no 
storage capacity. A sectional view of Fig. 
92 is shown in Fig. 93, in which A is the 
gas-valve; B, the water-valve; D, the pilot 
li^t; iFF, the burners; /, a conical heating 
ring; J, a disc to retard and spread the 
^■u^^^i^inFTg.%.'""' nsingheat; /T.a perforated copper screen; 
and L, a revolving water distributer. In 
this heater, the water is exposed directly to the heated air and gases, 
in addition to its passing over the heated surface of the ring I. 

Other heaters of this class offer admirable means for the water 
to take up the heat generated by the gas. All of these special means 
of heating water — especially those not conforming to the plumber's 
regular routine — are best understood and judged by a close study of 
the literature supplied by the makers. 

FILTERS 

Filters are of two classes. One class is designed to be attached 
to the end of the faucet or to special cotinection for drawing directly 
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for use. The other is for use in the general house service, and filters 
all the water that passes through the main service for whatever pup» 
pose. In the former class, sand, free stone, or unglazed potter's clay is 
used as the filtering medium. Ordinary fillings become foul through- 
out the mass, and require cleansing or renewing. The clay (unglazed 
porcelain) of which the Pasteur filter is an example, permits nothing 
to enter the filtering medium that the pores of this material will strip 
out. With such, therefore, it is necessary only to remove the tubes and 
cleanse the surface with which the unfiltered water comes in contact. 
Any porous filter plate depends for its eflBciency upon the minuteness 
of the pores through which the water passes; and there is a real 
danger that after a prolonged period of use, these pores may become 
enlarged by wear from the flowing stream to a size suflBcient to allow 
the passage of bacteria which at the first would have been retained 
upon the surface of the filter plate. Porous clay filters, however, 
are exceedingly slow in operation; and it is necessary to employ a 
multiplicity of tubes, and to collect the filtered water in a reservoir, in 
order to be able to get enough at once to serve ordinary cooking needs. 
The filters are supplied with as many tubes as desired, together with 
the necessary reservoir, all complete excepting connections for the 
water pipe. 

Large filters for service interposition depend upon animal char- 
coal, beach sand, and coagulating processes — usually the last-men- 
tioned feature in conjunction with one of the other two. A sand 
filter, for instance, will be made to favor the subsidence of foreign 
material by the water taking an upward course through the mass of 
filling, a portion of the water being passed through an alum chamber 
so as to impregnate the supply sufficient to coagulate impurities which 
sand alone would allow to pass. When dissolved and carried away, 
the alum must be replaced. The filling is discarded and new sand 
put in its place from time to time; and periodic cleansing of the filling 
is done by reversing the flow of water and flushing out through a waste 
connection at the bottom. The means of thus keeping the filter in 
c^ood order are provided for in its construction, in a way to make the 
cleansing and renewing of the material as easy and convenient as 
possible. 
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GAS PIPING 

The work of piping for gas is so closely allied to that of plumbing, 
since iron pipe has come into general use, that a brief notice of this 
branch is not out of place in connection with matters pertaining to 
plumbing. Coal gas is only about one-half the specific weight of air. 
The weight of natural gas is somewhat less than that of coal gas. 
The distribution of pressures which prevails in a closed system — ^the 
pressure of the fluid being equal at every point — should not be lost 
sight of in considering the ordinary method of distributing gas over 
a city or through a building in closed pipes. Although it would be 

true that in an open vessel the 
pressure of illuminating gas would 
by reason of its low specific grav- 
ity be greater at the top of the 
vessel than at the bottom, this is 
not the case in a closed system in 
which a fixed pressure is main- 
tained. 

The most, econoniical pressure 
at which to consume gas is five- 
tenths of an inch water pressure. 
As no town is strictly level, and the 
friction of the pipe requires some 
head of pressure to overcome it, 
the pressure in the mains is car- 
ried above the point at which the best results are obtained. This is 
generally counteracted by not turning on the full amount at the 
burner. In towns varying greatly in the level of different portions, 
it is economy to use an automatic governor to reduce the pressure. 
This is true of exceedingly tall buildings, too. But in the tall building, 
one governor for the whole is not enough; the supply to the upper 
floors should be controlled by a governor situated on one of the upper 
floors. 

Large pipe should not be notched into joists in the middle of 
their length; it weakens the joists. All pipes should be laid with a 
decline, toward the meter when possible, otherwise in such a way that 
they will drain toward a fixture or drip. The meter should be placed 
in a position easily accessible, and where it may be read without the 




Pig. 99. "Dry" Gas Meter. 
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use of an artificial light. It is connected in the house main on the 
street side of the first branch. A dry meter — the kind now almost 
universally employed — ^is shown in Fig. 99. 

Different meters vary but little in the arrangement of the dials. 
In large meters, there are as many as five or more dials; but those 
used for dwelling houses usually have but three. Fig. 100 shows the 
common form of index in a dry meter. The small index hand D, on 
the upper dial, is not taken into consideration when reading the meter, 
but is used merely for testing. The three dials, which record the con- 
sumption of gas, are marked A, B, and C; and in each, a complete rev- 
olution of the index hand denotes 1,000, 10,000, and 100,000 cubic feet, 
respectively. The index hands do not move in the same direction. 
When the hands are pointing upward, A and C move from left to right, 





F*ig. 100. Common Form of Index on "Dry" Gas Meter. Two Readings are Shown. 

while B moves in the opposite direction. Annex two cyphers at the 
right of the figures indicated when taking the statement of a meter. 
The left-hand index shown in Fig 100 reads 48,700. Suppose, after 
being used for a tinie, the hands should have the positions shown in 
the right-hand dial. This would read 64,900; and the amount of 
gas used during the interval would equal the difference in the readings: 
64,900 — 48,700 = 16,200 cubic feet. Meters so invariably register 
in favor of the consumer after being in use only a few weeks, that the 
companies are by law permitted to set them 3 per cent fast when new. 
The route chosen for gas pipes should be the warmest consistent 
with convenience and economy. Coal gas will freeze — that is, the 
nloisture in it will, in severe weather, form a network of frost that 
checks or stops the flow. Coal gas and natural gas are practically 
fixed. There is little trouble from condensation, even from coal gas, 
after it reaches the residence. There is sufficient reason, however, to 
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incline the pipe and to avoid trapping any portion so that it will not 
drain. If a pipe runs through a cold place, a drip should be put in 
at some convenient point where it can be emptied if necessary. No 
offsets should be mode in a way to favor choking the pipe by the 
products of corrosion falling down vertical parts. No fixture or 
bracket opening should be less than J-inch; no rising main less than 
f-inch. All openings for fixtures should have straight threads, and 
the pipe or fittings should be well secured, perpendicular to the wall 
passed through, so that they will not wobble, push in, or pull out 
Ceiling drops should be cemented in the joint at the line, so that they 
will not unscrew when the cap is removed or a fixture taken down. 

The making of intelligent working diagrams for gas or water 
fitting, is not difficult. Though important, comparatively few have 
given it due attention. ^Vhen plans are accurate, the usual work of 
making figures to show what length the pipes are, may be dispensed 

with by employing self- 

/ I \/ M KA \AA ^^*^"™g ruled sheets in 
Y I V l\IV\VV\ «>n junction with the method 
J^G»iECK 8 ^ $ I li of diagramming here de- 

Fig. iei.symboi« Used In Piping Diagrams. sciibed. Diagramming sys- 
tematically and with all 
lines approximately proportional in length, saves time in distributing 
the pipe. There is no wondering whether a piece runs down or up, 
or as to which room a bracket light looks into, or whether a 
piece of pipe belongs in a horizontal or in a vertical position. A 
properly made diagram indicates these points clearly, and also 
what pieces belong in the same plane. There should never be any 
confusion as to which pieces have been cut and which not, when 
getting out the pipe. Symbols can be made to show what pieces have 
been cut and what lize they are. The symbols found by practice 
to answer this purpose best, are as follows: \Maen a J-inch piece is 
cut, a common check mark is put beside the line on the diagram, show- 
ing that it is J inch and has been cut. For a f-inch piece, a short, 
straight mark like the letter I, placed across the line, is used. For 
a i-inch piece, two connected marks like V are made across the 
line. For J-inch pieces, three connected marks, like the capital N, 
are made across the line. For 1-inch pieces, four connected marks, 
like the capital letter M, are used across the line. For IJ-inch 



298 



PLUMBING 99 



pieces, five connected marks, like the capital W with one extra leg, 
are used. Each short, straight mark represents a quarter-inch in the 
diameter of the pipe, except in the case of ^-inch pipe. For nipples 
that are too short to put the symbols on, draw a waved arrow from 
the nipple, and put the symbol upon it. Fig. 101 shows the symbols 
described, with corresponding sizes of pipe marked beneath them. 

In reading plans of buildings, it is usual to have the front of 
the building, as represented by the plans, next to the person. Plans 
represent horizontal sections at the elevations designated; while 
elevations show the altitude of one floor above the other, etc. The 
plans of the different floors of a building are usually drawn side by 
side, with the outside face of the front wall on a line. By this means, 
a straight edge laid across the plans from side to side, will show which 
partitions are in line with one another. One can judge with the eye, 
on the cross-partitions, accurately enough to give a good idea of the 
relative position of the rooms on different floors, one way ; but to locate 
the partitions running from front to back, it is necessary to measure 
from the wall on the plans of the different floors. House plans are 
almost always drawn to }-inch scale. In gasfitting diagrams, all 
sizes of pipe are represented by single or skeleton lines, because the 
pipes are small. 

Now, assuming the plans to be marked for gas, center the rooms, 
and chalk all wall openings. Then proceed to diagram the lines 
representing the pipe, making them as nearly proportional to the 
length of pipe as can easily be done with pocket-rule and pencil, say 
to J-inch scale. 

Represent all vertical pipes by diagonal lines parallel to one 
another, whether they be bracket pipes, risers, or offsets in the line. 
Never represent a horizontal pipe by a diagonal line. Every vertical 
pipe which falls below the horizontal pipe to which it is connected, 
should be drawn toward the front of the plan at an angle of 45 degrees 
to the left. Every vertical pipe which rises above the horizontal pipe 
to which it is connected, should be drawn away from the front of the 
plan, at an angle of 45 degrees to the right. Represent all horizontal 
pipes by parallel lines perpendicular either to front or to side wall. 
When the run of pipe is from front to back, the parallel lines should be 
perpendicular to the front wall of the building. When the run is 
from side to side, the parallel lines should be perpendicular to the side 
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wall of the building. Any line in the diagram that is perpendicular 
to any other line of the diagram may then be taken to represent a 
horizontal pipe. Any number of lines representing horizontal pipe 
and all joined together, are thus indicated to be in the same horizontal 
plane. Any single line or system of lines representing horizontal pipe, 
but separated from the others by a diagonal line, is therefore in a 

different horizontal 
plane. For in- 
stance, the second- 
floor riser, 10 feet 
3 inches long, 
shown in the dia- 
gram. Fig. 102, con- 
nects the horizontal 
pipe under the sec- 
ond floor with that 
under the third 
floor. These pipes 
are in different 
planes, one set be- 
ing 10 feet 3 inches 
above the other. 

There is one ex- 
ception to the rule 
concemingdiagonal 
lines. Several feet 
of pipe can often 
be saved by cutting 
across, instead of 
making an angle 
with, the pipe. To do this without danger of confusing one as to 
whether the diagonal piece is intended for vertical pipe or for a di- 
agonal piece in the horizontal plane, make such lines dj[Med instead 
of Boia^ as shown at C, Fig. 102. 

To indicate the direction in which bracket openings look, by the 
way in which they are drawn, eight skeleton diagrams of bracket pipes, 
showing how the direction of bracket openings would be indicated 
for the four walls of a square room, are shown in Fig. 103. A^ B, C, and 




rtrst Floor Drops liln. 
Stcond Floor Dropa IMn. 



iA/Ca^ 



Fig. 102. Diagram of Oasplpe Lines. 
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D show that .the pipes are vertical and run up from the floor below, 
A looking into the room from the front wall, B from the rear, C from 
the left side wall, and D from the right side wall. In accordance 
with plan drawing, the short lines representing the ears and nozzle 
of the drop-ells are made in plan position with dots at the ends to 
represent caps. The ears of the fitting, drawn in front of the out- 
let, show that the fitting looks to the rear; ears behind the outlet 
show that it looks to the front; at the left of it, that it looks to the 
right; and to the right of it, that the fitting looks to the left. 

A^, jB\ CS and D^ show fittings that look in the same direction 
as those shown hy A, B, C,D of the same figure, but are on pipes that 
run down from the horizontal pipe. By varying the positions of the 
marks representing the 
drop fittings to suit, 
the diagram can be 
made to indicate open- 
ings pointing in any 
direction desired. - 

All large risers 7^ TJT /^ 

should be exposed 
view; and it is desir- 
able to keep all piping 

., , / Fig. 103. Skeleton Diagrams of Bracket Pipes. 

accessible as far as 

possible, so that it may be easily reached for repairs if necessary. 
When it is necessary to trap a pipe, a drip with a drain-cock must 
be put in; but this should always be avoided under floors or in other 
inaccessible places. Where possible, it is better to carry up a main 
riser near the center of the building, as the distributing pipes will 
then average smaller, the timbers will not require so much cutting, 
and the flow of gas will be more uniform throughout. 

Unless otherwise directed, outlets for brackets should be placed 
5i feet from the floor, except in the case of hallways and bathrooms, 
where it is customary to place them 6 feet or more from the floor. 
Upright pipes should be plumb, so that nipples which project through 
the walls will be level; the nipples should not project more than J 
inch from the face of the plastering. Laths and plaster together 
are usually about } inch thick, so that the nipples should project 
about 1^ inches from the face of the studding. Drof- or side-^Us are 
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used where possible for bracket openings. Gas pipes should never 
be placed on tlie bottom of floor timbers that are to be lathed and 
plastcre{!, because they are inaccessible in case of leakage or altera- 
tions. Fig. 104 illustrates some lines of gaspipe in a frame build- 



Fig. 1«. Lines of Gaspipe In Frame Building,; Showing How Plpea are 
Secured In Place. 

ing, from which may be gleaned graphic ideas of how to fasten pipe 
securely in place. 

Coal gas, and natural gas of .some locations, has a strong odor 
that betrays leakage. Some natural gas is devoid of odor, in which 
case leakage is very dangerous, as there is no way quickly to detect 
its presence. For natural gas woric, 10 pounds' air-pressure shouM 
fail to develop the slightest leak in the pipe, although the street pres- 
sure is usually even less than eight ounces. For Ughting gas, the street 
pressure is seklom over 18 tentba water-pressure, and a 5-pound test 
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is ample. These tests should be made with a mercury gauge, 2 inches 
height of column being considered as one pound pressure. A job 
may be considered tight when the mercury column not only does not 
drop, but does not even get flat at the top in from fifteen to twenty 
minutes' trial. 

Every gas company has rules as to the number of lights allowed 
to be supplied from each size pipe, and the relative lengths of pipe 
permitted of each size. The following table gives sizes of gas pipes 
for different numbers of burners and lengths of runs, as usually 
installed : 

TABLE IV 
Maximum Run and Number of Burners for Qas Pipes 



Size of Pipe 


Greatest Length 
OP Run, Feet 


Greatest Number 

OF Burners to 

BE Supplied 


i inch 

! :: 

1 " 

1} inches 
IJ " 

2 " 
2i " 

3 " 

4 " 


20 feet 

30 " 

50 " 

70 " 
100 " 
150 " 
200 " 
300 " 
400 " 
500 " 


2 
4 

15 

25 

40 

70 

140 

225 

300 

500 



No restrictions are observed in selecting fixtures for coal or 
natural gas. Coal gas carries enough carbon with it to produce a 
lighting flame when burned at the ordinary flame temperature. When 
the jet is lighted, the hydrogen is consumed in the lower part of the 
flame, producing sufficient heat to render incandescent the minute 
particles of carbon carried by it. The hydrogen, in the process of 
combustion, combines with the oxygen of the air, forming an invisible 
vapor of water, while the carbon unites with the oxygen, forming 
carbonic acid, or is set free as soot. 

Various causes tend to render combustion incomplete. There 
may be excessive pressure of gas, lack of air, or defective burners. 
An excess of pressure at the burners causes a reiiuction of the amount 
of illumination ; on the other hand , if the pressure is insufiicient, the heat 
of the flame will not raise the carbon to a white heat, and the result will 
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be a smoky flame. It therefore follows that for eveiy burner there is 
a certain pressure (usually -,\ of an inch water-pressure before meD* 
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Jet Burner. or Silt Bornei. Flxb-Tall Burner. 

tioned) and a oertain corresponding flow of gas, which will cause the 
bri^test illumination. 
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Vertical Section ol 




There are a great variety of burners upon the market, among 
which the single-jet, bat's-wing, fish-tail, Aigand, regenerative, and 
incandescent burners are the principal types. 




Pig. 111. Qui Burner with 




The single-jet burner. Fig. 105, is the simplest kind, having but 
one small hole from which the gas issues. It is suitable only where 
a veiy small flame is required. 
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The hafs-wing or slit burner, Fig. 106, has a hemispherical tip 
with a narrow vertical slit from which the gas spreads out in a thin, 
flat sheet, giving a wide and rather low flame resembling in shape the 
wing of a bat, from which it is named. 

The unum-jet or fish-tail burner. Fig. 107, consists of a flat tip 
slightly depressed or concaved in the center, with two small holes 
drilled, as shown in Fig 108. Two jets of equal size issue from 
these holes, and, by impinging upon each other, produce, at right 
angles to the alignment of the holes, a flat flame longer and narrower 
in shape than the bat's-wing, and not unlike the tail of a fish. Neither 
of these burners requires a chimney, but the flames are usually encased 
with glass globes. They are not well suited for use with globes, 
however, since when one of the jets becomes 
choked, as it frequently does, the Other is likely to 
crack the glass. 

The Argand burner, Fig. 109, consists of a 
hollow ring of metal or lava, connected with the 
gas tube, and perforated on its upper surface 
with a series of fine holes, from which the gas is- 
sues, forming a round flame. This burner re- 
quires a glass or mica chimney. As an intense 
heat of combustion tends to increase the brilliancy 
of the flame, it is desirable that the burner tips 
shall be of a material that will cool the flame as 
little as possible. On this account, metal tips — ^ 
are inferior to those made of some non-conduct- 
ing material, such as lava, adamant, enamel, etc. 
Metal tips are also objectionable because they cor- 
rode rapidly, and thus obstruct the passage of the 
gas. Fig. 110 shows a lava tip for a batVwing burner. Burner tips 
should be cleaned occasionally, but care should be taken not to enlarge 
the holes. 

By introducing the Bunsen principle, incandescent burners give 
good service with coal gas. In the incandescent burner, the heat 
of the flame is applied in raising to incandescence some foreign mater- 
ial, such as a basket of magnesium or platinum wires, or a funnel- 
shaped asbestos wick, or a mantle treated with sulphate of zir- 
conium and other chemical compounds. A burner of this kind 




Fig. lis. A Bunsen 
Bamer. 
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is shown in Fig. Ill, in wliicli the n;antlc can be seen supported over 
the gas flame by a wire at the side. Fig. 112 shows another form 




of tliis burner, in which a eliimney and shade are used in place of a 



Fig. ne. OoubletiasCuckwlttiKiop-Plns. I 

globe. Burners of this kind give a very brilliant white light when 




with natural or water gas. Natural gases and the so-called 
water gas are deficient in carbon ; and, when tbey are used for lighting 
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purposes, the light is produced by a burner with a mantle brought to 
a state of incandescence by the heat of the flame. Tlie mantle, 
however, is very fragile, and is likely to lose its property of incan- 
descence when exposed to an atmosphere containing much dust. 

The Bunsen burner, shown in Fig. 113, is a form much used for 
laboratory work. It bums with a bluish flame, and gives an intense 
heat without smoke or soot. The gas, before ignition, is mixed with 



w 



a certain quantity of air, the pro- 
portions of gas and air being regu- 
lated by the thumb-screw at the 
bottom, and by screwing the outer 
tube up or down, thus admitting a 
greater or less quantity of air at the 
openings indicated by the arrows. 
This same principle is utilized in a 
burner for brazing, the general form 
of which is shown in Fig. 114. A 
flame of this kind will easily melt 
brass in the open air. 

It is of great importance that 
gas keys on fixtures should be per^ 
fectly tight. It is rare to find a 
house piped for gas where the 
pressure test could be successfully 
applied without first removing the 
fixtures, as the joints of folding 
brackets, extension pendants, stop- 
cocks, etc., are usually found to leak 
more than the piping. The old- 
fashioned all-around cock without check-pin should never be allowed 
under any conditions; only those provided with stop-pins are safe. 
Various forms of cocks with stop-pins are shown in Figs. 115, 116, 
and 117. All key joints should be examined and tightened up 
occasionally to prevent them becoming seriously loose and leaky. 
Poor illumination is frequently caused by ill-designed or poorly 
constructed brackets or gasoliers. Gas fixtures, almost without 
exception, are designed solely from an artistic standpoint, without due 
regard to the proper conditions for obtaining the best illumination. 




Fig. 120. Plain Type of Two-Burner 
OasoUer. 
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Fixtures having too many scrolls or spirals may, in the case of imper- 
fectly purified gas, accumulate a large amount of a tarry deposit, 
which, in time, hardens and obstructs the passages. Another fault 






Pig. 121. Ornamental Type of Two-Burner OaspUer. 



Fig. 122. Gasoller for Hall 
or CJorrldor. 



is the use of very small tubing for the fixtures. Common forms of 
brackets are shown in Figs. 118 and 119, the latter being a two-swing 
extension bracket. 

There are an endless variety of gasoliers used, depending upon 

the kind of building, the 

finish of the room, and the 

number of lights required. 

Figs. 120, 121, and 122 show 

common forms for dwelling 

houses the type shown in 

Fig. 122 being used for halls 

and corridors. 

Next to the burner, the shape of the globe or shade surrounding 

the flame affects the illuminating power of the light. In order to 

obtain the best results, the flow of air to the flame must be steady and 




Fig. 123. Simple Form of Gas Plate with Three 

Burners. 
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uniform. Wliere the air supply is insui&cient, the flame is likely to 
smoke; on the other hand, too strong a current of air causes the light 
to flicker and becomedim 
through cooling. 

Globes with open- 
ings too small at the 
bottom, should not be 
used. Four inches at 
the bottom should be ^e 
smallest opening used for 
an ordinaiy size burner. 
All glass globes absorb 
more or less li^t, the 
loss varying fjom 10 per 
cent for clear glass, to 70 

per cent or more for opal, Plg. ih. QuHaoge for Family Use, wltn ovens and 

, , , WaMT-Heater. 

ground, colored, or 

painted globes. Clear glass is therefore much more economical, 
although, where softness of light is especially desired, the use of opal 
or ground globes is made necessary. 

Cooking as well as beating by gas is now very common, and there 
are a great variety of appli- 
ances for the use of gas in this 
way. Cooking by gas is not 
more expensive, and is less 
troublesome, than by coal, oil, , 

or wood. It is also more 
Fig. 155. GriaaleBnmerrorGaaHongo. i i^, . i j » ji_ i 

healthful, on account of the ab- 
sence of wasle heat, smoke, and dust. A gas range is always ready 
for use, and is instantly lighted by applying a match to the burner. 
The fine, when kindled, is at once capable of doing its full work; it 
is easily regulated, and ean be shut off the moment one is through 



Pig. lis. OiieliDurnerfor<Jii.9lUngc. 

with it, so that, if properly managed, there is no waste as is the 
case with other fuel. With gas, the kitchen can be kept compar- 
atively cool and comfortable in summer. 
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Gas stoves are made in all sizes, from tlie simple form shown in 
Fig. 123, to the most elaborate range for hotel use. A range for 
family use, with ovens and water- 
heater, is shown in Fig. 124. Figs. 
125 and 126 show the forms of 
burners used for cooking, the former 
being a gruldU burner, and the 
latter an oven burner. 

A broiler is shown in Fig. 127; 
the sides are lined with asbestos, 
and the gas is introduced throu^ 
a large number of small openings. 
The asbestos becomes heated, and 
the effect is about the same as a 
charcoal fire upon botli sides. 
Gas as a fuel has not been used to 
pig. 12T. Gas Droller, ABbasios-Uned. any great extent for the warming 



Fig. 1!!9. Gaa Radlitor. 



of whoW buildings, its application Wing usually confined to the heating 
of single rooms. Vnlike cooking by gas, a gas fire for heating is not 
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so cheap as a coal fire when kept burning constantly. In other ways 
it is effective and convenient. It is especially adapted to the warming 
of small apartments and single rooms where heat is wanted only 
occasionally and for brief periods of time. In the case of bedrooms, 
bathrooms, or dressing-rooms, a gas fire is preferable to other modes of 
wanning, and is fully as economical. It may be used on cold winter 



Fte. im. Section nf Oas 
Radiator ot FiK- liO. Show- 
ing Flue lo Connect Pig, ISt, OasLogoF Metal or TerraColta ami 
to Cblroney. Asbestos. 

days as a supplementary source of heat in houses heated by stoves or 
by furnaces. Again, a gas fire may be used as a substitute for the 
regular heating apparatus in a house, in the spring or fall, when the 
fire in the furnace or boiler has not yet been started. It is often 
employed as the only means for heating smaller bedrooms, guest 
rooms, and bathrooms, and for temporary heating in summer hotels 
where fires are required only on occasional cold days. Any con' 
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siderable use of gas for heating necessitates the use of evaporators to 
maintain the normal humidity of the air. 

The most common form of heater is that shown in Fig. 128. 
This is easily carried from room to room, and may be connected with a 
gas-jet by means of rubber tubing, after removing the tip. The 
heater is merely a large burner surrounded by a sheet-iron jacket.^ 
Another and more powerful gas heater is the radiator, sho^Ti in Fig. 
129. This is fitted with a flue to conduct the products of combustion 
into the chimney, as shown in the section. Fig. 130. Each section 
of the radiator consists of an outer and an inner tube, with the gas 
flame between the two. This space is connected with the flue, while 
the air to be heated is drawn up through the inner tube, as shown by 
the arrows. 

Fig. 131 shows an asbestos incandescent grate; and Fig. 132, a 
grew log of metal or terra-cotta and asbestos, made in imitation of a 
wood log or heap of logs. The gas issues through small openings in 
the logs, and gives the appearance of an open wood fire. 

Fuel gas or water gas, largely made to supplement failing supplies 
of natural gas, is used for lighting in the same manner as natunil gas. 
It is, in fact, but an impure commercial hydrogen made by injecting 
steam into hot coke. The oxygen of the steam combines with the 
carbon of the coke, and sets free the hydrogen, which is collected 
in a gasometer, ready for the distributing pipes. The prime use of this 
and of natural gases is for heating; but, by purifying it and supple- 
menting it with carlxjn by incorporating with it vapors of petroleum, 
fuel gas makes rich and quite stable lighting gas. 



8ia 



PLUMBING 

PART III 



THE HOUSE DRAINAGE SYSTEM 

Assuming that the method of disposing of sewage and drainage 
is decided upon, the problem of how-to pipe the house safely may be 
considered as presenting about the same conditions, whether the house 
drain enters a branch from the city sewer or terminates in some other 
means of disposal. 

Granted that sewer air is a thing to be guarded against, the safest 
plan is to pursue that course which offers the surest means of keeping 
the house free of it. We know that through contamination of water 
supply by filtration from vaults, etc., the human system may suffer 
pollution, and may develop specific disease of a serious, even fatal 
nature. It is no less certain that polluted air will affect the lungs 
similarly, according to the nature of the pollution. On this ground, 
notwithstanding any argument to the contrary, we should proceed to 
exclude sewer air entirely, and to make the air of the house drain-pipes 
as pure as possible. 

It must be remembered that where a whole system of plumbing is 
designed with certain ends in view, and all the details worked out 
acconlingly, a house system may be satisfactory which under slight 
disturbance of conditions would be abominable. Therefore no 
departure from a certain means of positively accomplishing a desired 
result should be accepted without unanimous endorsement of those 
in position to know what is safe. People, however, have been at all 
times too ready to accept any plan that promised the immediate 
saving of a dollar. Certain plumbing accessories may be admirably 
adapted to use in one place, yet wholly unfit for service in another; 
but the makers cannot be expected to discriminate; they are prej- 
udiced, and are not on the ground. It is the business of the public, 
through architects and plumbers, to select suitable means to the end. 

With the fresh-air inlet and proper installation throughout the 
buikiing, an intercepting trap is likely to exclude sewer air from the 
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Fig. 142. Interceptliig Trap In Cellar. 



house, and to keep the drains in tlie house filled witb fresh air from the 
open atmosphere (seepage 117). With these conditions, a possible 
leaky joint or defective trap can permit only comparatively pure air 
to enter from the 
pipe. The inters 
I cepting trap being 
in the main line, 
all water from the 
house passes 
through it, insuring 
the water seal being 
maintained. The 
foul-air outlet ven- 
tilates the sewer 
much as would the 
house lines if the trap were omitted, because in it there 
is never any contrary rush of air or water, both of which would 
check or reverse the current, and the tatter of which reduces the 
area of the pipe, even though it be assumed that no further inter- 
ference occurs through discharge from fixtures. The trap may be 
in the yard or within the house walls, according to drcumstances. 
Fig. 142 shows an intercepting 
trap in the cellar, with its fresh-air 
inlet terminating above the 
snow-level. Many jobs were 
formerly piped in a way per^ 
mitting soil air to puff out 
through the inlet. Fig. 143 
;^ow8 a plan that has been -T-ryy-rTT^-r- 
resorted to with the idea of car- 
rying such dischai^s to a safe 
height without interfering with 
the normal action of the fresh- 




Xm. simple Device for C&rryliiK Away 
a Sale Helgbl Soil Air that may tie 



Pufled (roro Presh- 



air inlet. It is merely a rising 

line with an inverted funnel over 

the open end of the inlet, which 

incidentally protects the air-pipe from lodgment of foreign 

matter. The foul-air outlet sbouM not terminate near a window or 
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door, nor be too close to the fresh-air inlet opening. It should be 
located so that it will be free of chance obstruction, and above tlie 
level of winter ice and snow, even though it has to be piped to above 
the loof-level as indicated in Fig. 144, in which -4 is a cone strainer 
with solid lop, and T the main inter- 
s' cepdng trap. The direct line of 
foul-air pipe to roof, and the di»> 
tance between the trap and fresh-eir 
inlet grating, provide every requisite 
possible to this part of (he house 
drainage, whether a loo-p stadc, 
spoken of on another page, is em- 
ployed or not. 

A very good plan of terminating 
air inlet and outiet pipes in 
situations exposed to the entrance 
of obstacles, is to use a single or 
double hub return bend above snow-level, as shown in Fig. 145. In 
this way, nothing can fall in by accident; sleet from any direction 
cannot choke the openings; nor are children likely to fill the pipe. 
Fig. 146 illustrates a galvanized-wire guard placed in the hub; 
such a guard b generally used on conductor pipe, but is equally suited 
to the protection of soil and vent lines in mild climates. In Northern 
localities, the regular cast hood and 
thimble made for -the purpose are 
better. The area of the openings 
of the strainer should aggregate 
at least 12 square inches for pipe 
4-inch or less; and where frost 
trouble is feared, the strainer should 
be recessed several inches so that 

the frost will have to close the open end of the pipe instead of the 
grating. 

The foul-air pipe should not have abrupt offsets at any point. 
The lodgment of foreign matter therein would be possibb, and the 
function of the pipe perhaps thus impaired. This pipe not only 
ventilates the sewer, but offers egress for air when storm water is 
crowding the sewer, and at other times when air-pressure would 
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otherwise drive the seal of the trap toward the house, enough ulti- 
mately, in some cases, to lose the seal by waving out when the pressure 
is relieved. 

When a trap loses its seal by waving out, the water, in flowing 
back to its normal position, gains momentum enough to throw some 
of it over the weir, and the balance is not enough to seal the trap. 
Waving out is always caused, first, by air-pressure on 
the sewer side, and then by gravity acting as 
described. 

The operation of the fresh-air inlet depends on 
air from the open entering the house drain near the 
trap and filling the house system, passing out through 
the vent pipe above the roof. The inlet should be 
as large as the house sewer, which should never be less 
than 4 inches diameter, usually 5 inches. The same 
precautions taken against snow and ice and other 
obstructions to the foul-air outlet, are necessary to 
the fresh-air inlet The difference in level of the 
inlet and the exit, together with the warmth of the 
building, causes an upward current tlirough the aaivaDTzeiiwire 
stack. Even the taking a more exposed course and of f'l*- 

stopping at an elevation inferior to the outlet of 
the soil-pipe extension, when necessary to cany the inlet to the roof, 
wilt usually insure a draft. 

Objection is often raised against the fresh-air inlet, for the reason 
that puffs of foul air are thrown out when fixtures are discharged. 
This is easily possible, but mainly the result of faulty installation. 
One feature of plumbing is no more likely to be satisfactory than 
another where ignorance prevails, or when merely the simple letter 
instead of the spirit of ordinary specifications is lived up to. House 
main lines of the same size as soil-stacks (4-inch) will cause pufts of 
air from the fresh-air inlet if the horizontal run and the inlet branch 
are both short It is well to remember that the air so puffed out is 
not sewer air. It is air which has just entered the house system from 
the open. And, if the fresh-air branch is of decent length, as de- 
scribed, and as shown in Fig. 144, the puff occasioned by the discharge 
of a fixture in an ordinary house, even in an objectionable job, may 
not c(|ual a diird of the really fresh air in the inlet branch. 



118 



PLUMBING 



The chance of pufiing under the action of fixtures can be avoided 
by a loop providing for simple revolution of air when fixtures are 
discharged. A soil-stack from the main horizontal line is carried up 
to the roof, with all connections as usual, except one. This is made 

above the highest fixture, and of the same 
size as the soil-stack, and is generally car- 
ried down and connected, as it should be, 
into the horizontal main several feet nearer 
the intercepting trap than where the cor- 
responding soil-stack leaves the main. Some 
connections are so close to the point of exit 
that the vertical stacks are made to con- 
stitute the whole loop, as shown in Fig. 147, 
in which cases the direct stack E from X to 

Y should invariably be a portion of the vent 
If the connection X is made in the hori- 
zontal run, as before mentioned, stack F 
should be the vent, as a rule, instead of 
carrying the closet branches GG as shown. 

V and V are crown vents for the closets. 
The crown vents may in some situations be 
made into a separate smaller line leading 
into the soil-stack above the highest fixture. 

By the loop plan, air is thrust before the 
water discharged from a fixture as usual; 
also, there is the same tendency to a vacuum 
behind the water so discharged. But, in- 
stead of reversing the general current and 
^^^iJprev^em^puffs of A?r*''^ drawing air from the roof to fill the void, the 
^^ ^ifiet'^^ roof current in the soil-stack from the loop 

connection up, is merely checked, more or 
less; and the air already rising in the loop turns down the soil- 
stack and fills the void. Without the loop, considerable compression 
would take place in front of the water before the current in the house 
main could be reversed. With the loop, this compression is confined 
principally to the stack. The void being supplied by the loop, the 
air driven in front of the water simply passes up the loop in response 
to thocall for air to fill the void behind the water. 
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Referring again to Fig. 147, air takes the course offering the 
least friction; and F branching out of and into E, which is the same 
size pipe as shown at X and F, the greater part of a current of air pass- 
ing upward through them will travel by pipe E. For this and other* 
reasons it is best to take the branch pipe F for the soil pipe. Then, 
whatever offset may be necessary to reach the closet openings will be 
washed ; and the straight, vertical stack left for the vent affords no 
chance for the lodgment of rust or other obstruction. When water 
is discharged into the soil pipe at G, pipe V protects the closet trap 
from siphonage; and the tendency to form a vacuum above the water 
in the soil pipe by the piston action of the discharge water, is neutral- 
ized by a proportional draught of air from vent pipe E through branch 
Y. The air in the vent pipe between Y and B tends to continue its 
course to the roof, while that below the branch Y is traveling toward 
branch Y. A partial vacuum formed in soil pipe F by a discharge 
from a fixture, will be checked by a supply of air drawn from vent pipe 
E between branches X and F. The vacuum fbrmed behind the 
discharge water in. soil pipe F increases the upward velocity of air 
in vent pipe E below 1'; and the air pushed down in front of the 
discharge attempts to reverse the current below X. The increased 
velocity of the air in pipe E demands more air than was passing 
through it by natural draught. This demand is supplied by the extra 
volume which the water is pushing before it. 

As long as the discharge water is above branch X, the air simply 
revolves in the two pipes which form the loop. The air in pipe F 
travels downward before the water, and up through pipe E and 
branch F, and down pipe F behind the water. This revolution of air 
in the loop continues until the water reaches the junction X of pipes 
E and F, without causing any perceptible "puff" at the fresh-air 
inlet opening. 

When both the connections are in vertical lines as in Fig. 147, 
after the water passes X, it will probably reverse the current of air in 
the fresh-air pipe in some instances; but, were it possible to shove out 
every atom of air in the soil pipe between the trap and point X, there 
still would not be a particle of foul air puffed out at the fresh-air 
opening, if the fresh-air pipe is of greater length than the distance 
between X and the trap. 

After the fixture water reaches X connection when A'^ is made in 
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a larger and horizontal pipe, its interference with the air is not con- 
siderable. 

The object in not connecting the loop stacks as close together 
as Bttings will permit, is to keep the water, as it turns into the hori- 
zontal main, from interfering with the entry of air to the vent. By 
giving some distance to travel before reaching the loop connection, 
the discharge of water will be well spread in the main line before 
passing it. From this point on, it may cause violent eddying of the 
air in the main, but no actual reversal of the current will take place. 
The force of air in front of water in down spouts that connect 
inside of the intercepting trap, may at times reverse the air in the 
fresh-air inlet proper. The loop pipe is an aid in this respect, too, as 

more air is at hand to cushion the 
rush of a sudden downpour; and 
the various fixture trap seals are, 
if affected at all, left much more 
stable. It would, if necessary, be 
better to have soil-pipe air expelled 
from an inlet, at times, by the action 
of storm water, than to incur the risk 
of siphonage or waving-out of fixture 
trap seals for lack of it. 

No pipe of any building should 
open to the air with less than a 
4-inch end. Small pipes should be increased to 4 inches before 
passing through the roof, as shown in Fig. 148. Pipe 4-inch and 
larger, up to 6-inch, should be increased to 6-inch. The object in all 
cases being to prevent closure by hoar frost. With 6-inch and larger 
pipe, it is doubtful if it is ever necessary to increase the size at the roof, 
excepting in buildings with cold roof space, no matter how high the 
building may be; yet some city ordinances call for an increase of one 
size regardless of size, which is manifestly foolish, as it permits increas- 
ing 2-inch to 2^ or 3-inch on any type of job, and this is known to be 
inadequate in any but southerly latitudes. The velocity of air up 
the line is, of course, higher in tall buildings than in low ones; hence, 
in them, more moisture is carried through any given opening, and 
the theory of increasing large pipe at the exit is based on the assump- 
tion that smaller openings would, as a result of this excess of moisture, 
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148. Vent Pipe Increased in Sls» 
fore Passing through Roof, to 
Prevent Closure by Hoar Frost. 
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Pig. 149. Pipe Flashing Capped with V- 

Ring of Lead and Providing Egress 

for Warm Air from Attic. 



be closccl by frost. The great amount of warmth over large buildings 
must often, however, be considered as reducing the chances of closure 
by hoar frost. In tropical climates, no increase of any size is necessary. 
In southerly temperate latitudes, no special attention is given precau- 
tions against hoar frost, beyond in- 
creasing the size of small vents to at 
least 4 inches in diameter. 

Flashings. There are patent 
devices for flashing around pipes, 
usually made of copper; but the 
plumber will do well to command 
the skill necessary to manipulate 
sheet lead to suit conditions as he 
finds them. In any location where 
warm air will always be seeking an 

outlet from the attic through chance openings, the sleeve of the flash- 
ing may be made two to four inches larger than the outside diameter 
of the vent, and capped with an annular V-ring of lead in the manner 
shown in Fig. 149. The cap ring need only be tacked to the sleeve with 
solder. The top edge of the sleeve should be notched or some other 
provision for air-exit made, so as to insure constant changing of the 
air in the sleeve. If, on account of braces or projections necessary 
to hold the pipe rigid where it passes through the sheeting, it is 

inconvenient to let the sleeve extend 
below the sheeting as sho\\Ti in the 
engraving, it may terminate at the 
roof line. If the building is a 
storage warehouse, or for any reason 
the attic will not be very warm, or 
conditions are in favor of cold air 
being drawn in through chance open- 
ings in winter, then the method of 
Pig. 150. Pipe Plashing Packed with Pelt flashing and packing the sleeve with 

or Mineral Wool where it is Desirable • i. • i i t • t?* 

to Conserve Warmth In Attic. iclt or mmcral wool as shown in r Ig. 

150 should be employed. In all 
cases the vent and flashing must rise above the possible snow-level 
for flat roofs. The snow-level on a steep roof will be less, but drifts 
may obstruct* the vent if left at the snow-level. Some latitude for 



Felt or 
Mineral Wool 
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settling of the roof under the weight of snow and ice, and for expan- 
sion of lines supported by brick piers or other supports far below 
the loof-level, must be allowed in fitting flashings. If they are too 
closely drawn or capped, trouble will soon follow. 

To develop the pattern for a tapering sleeve for a vent for a flat 
or nearly flat roof, drav/, as in Fig. 151, XY at random; set off AB 
equal to the altitude of the sleeve; then AC from A, perpendicular 
to AB; then BD from 5, parallel to AC; let AC equal half the diame- 
ter of the sleeve at the top, and BD half the bottom diameter; then cut 
CD with a line crossing XY. Lines AC, CD, DB, and BA now out- 
line half the elevation of the sleeve at the center. Next, with the 
intersection of XF and CD projected {X in tlie diagram) as a center, 

describe the arcs EF and 
GH. On EF, set off the 
circumference of the base of 
the sleeve JK (twice BD X 
3.1416), and then indicate 
JX and KX. This devel- 
ops the net pattern, and it 
remains only to add the 
necessary working edges to 
get, when cut out and 
formed up, a sleeve exactly 
conforming to the shape and 
dimensions required. 
The development of a tapering sleeve for a pitched roof by strictly 
geometrical methods, is so intricate, and the springs and pitches of 
roofs so varied, that the plumber usually ignores — and is generally 
sensible in doing so — the true methods of cutting out such flashings. 
Lead is pliable; and in lieu of the more tedious method, flashings for 
pitched roofs are roughly laid off as follows, and then worked and 
trimmed to suit. 

The circumference and curvature of the top edge and lines of the 
ends to be joined, are obtained by full-size diagrams in the same way 
as for a sleeve for a flat roof, shown by Fig. 151. The circumference 
of the top edge is, in this case, set off on GH, because the bottom, 
corresponding to JK, is unknown. The elevation A B C D \s made 
just as though a sleeve was to be made for a fliat roof, with the tapering 




Fig. 151. Development of Pattern for Tapering 
Sleeve for Vent on a Flat Roof. 
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side equaling CD, Fig. 152, which should be laid out to represent the 
elevation of the sleeve desired. The pattern diagram (Fig. 151) 
should be so drawn as to throw line XCD about the center or neck of 
the pattern, so as to bring the seam on the low side and thus present 
solid metal to the flow of water down the roof. The line of dots 
marked Z in Fig. 151, approximately outlines the bottom of the 
pattern. The cross-mark guides by which to draw the bottom of the 
flashing, are seldom more than five in practice, and their positions are 
determined in this way: JX and KX of the pattern diagram are 
extended and set off from the Gil line equal to XK, Fig. 152. This 
gives the actual seam length for the low 
side of the flashing, as would be indi- 
cated if XJ and XK, Fig. 151, were ex- 
tended to cut the extremes of the cross- 
Kark guide line. CD of both the ele- / 
vation and pattern diagram being equal, |^^?^ 
CD, Fig. 151 , equals the length of sleeve ^O] 
in the neck or upper side. For the 
length of sleeve at the sides, half way 
between the neck and seam, produce 
dotted line K'Y, Fig. 152, parallel to 
CX, to a point where it will intersect 
the roof-plane at the center of the pipe 
space. K^X will then be equal to the 
required side lengths of sleeve, and may 
be set off on the pattern diagram by pro- 
jecting radii from X, cutting the pattern midway between C and the 
seam lines, and setting off the distance XK^ on these radii, measuring 
from the Gil line. These specific points are a sufficient guide for 
laying out the bottom in any ordinary case. 

Trap Ventilation. Needless multiplication of soil and vent 
connections may lead, in some cases, to conditions fully as deplor- 
able as any that would follow the primitive simplicity of olden 
times. There are, however, certain principles that must be carried 
out to secure a perfect working job. These* have often been cur- 
tailed by the extremists of one class, and always at the expense 
of the quality of the work. It is the extremists who regulate 
progress and keep things at a reasonable mean. The extremists in 




Fig. 152. Elevation of Tapering Pipe- 
Sleeve for Pitched Roof. 
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progression would drag us into practices perhaps unsafe; while their 
opposifes, derisively termed "old fogies," hold us back, sometimes on 
untenable ground. The result is that the conservative element is 
the safest class to follow; it neither discards a well-tried method 
nor embraces a new one, without good reason to sustain the action. 
As before intimated, the change in character of buildings and 
mode of life has necessitated a maze of pipe work in some buildings, 
which to the uninitiated looks like a senseless network thrust on the 
owner to the pecuniary gain of the plumber. This is not the case, 




Fig, 1S3. Common Form ot Crown bM Stack V 



however, as every plumber well knows; and there is no better way 
to disarm this type of credulity than for the plumber to be well versed 
in the philosophy of his business. 

The familiar cry that crown ventilation of traps destroys the 
seal by evaporation, is often but the echo of the voice of a man with 
an axe to grind. The deep-seal trap costs but a trifle more than the 
ordinaiy. There are also positive mechanical means — comparatively 
cheap, too — of protecting a vacant or unoccupied house against 
sewer air. In occupied houses, there is no chance for traps to lose 
the seal by evaporation; and, when properly piped, the evaporation 
of seals does not take place so fast as might be supposed. The crown 
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vent is merely, or should be, to keep the water from being siphonetl 
out of the trap. It is the practice of making the crown vent do duty 
not only as a siphon-preventer but also in the capacity of a stack vent, 
that has created the impression as to rapid 
evaporation. 

If we bring a branch waste to a fixture 
Just as though it was to be a "deadrcnd" con- 
nection, and then put in a liberal crown vent 
continued to the roof, as shown In Fig. 153, we 
have filled the letter of most specifications, be- 
cause we then have crovm ventUation and slack 
ventUatum. But this is not the spirit of the 
work specified, nor is it up to the standard of 
intelligent workmanship. The current to the 
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roof passes up the trap leg, and thence through the crown vent directly 
to the open, being brought on its way in close proximity to the seal of 
the trap; and it is no cause for wonder that such a connection would 
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rob an ordinal^' trap of its seal within a surprisingly short time, if the 
fixture is left unused. This is the type of installation found In the 
wnke of speculative builders, scrimping plumbing contractors, and 
ignorant or unscrupulous journeymen. Many examples of this 
double-duty vent pipe are seen, in which the workman foresaw the 
result to some extent, and, in attempting to counteract the supposed 
ills of evaporation, made the vent useless 
as a siphon-preventer by connecting the 
vent 10 inches or more below the crown 
of the trap, as shown in Fig 154. The 
proper way is to make both the waste and 
the crown vent branches from other lines. 
Of course, if it is the top fi.xture, or there 
is only one on the line, the waste stack 
may end in the beginning of the vent 
stack or connect into the vent stack, as in 
Fig, 155, according to circumstances. The 
main current goes by the most direct route 
—up the main waste and vent stacks of 
the string. If the crown vent and waste 
stacks stand close together, as in Fig. 156, 
We have the loop effect before spoken of; 
and with the fixtures near the stacks, the 
waste and crown-vent connections are 
both short — which is proper. It is poor 
practice to have the stacks far away from 
n. ..- .. .V J ,E (_.,r~,„ the fixtures, because one is then likely to 

Pig. 157. MpthfHloi SeotirliiO Iioop J 

""^Near'veiitsii^k! ""'' ^"^ '"*° *^^ crroF of allowing the crown 
vent to act also as a direct line vent for 
the branch waste. This plan is such a short-cut to accomplishing 
the work of roughing-in, that the temptation to err is great. If the 
waste stack cannot come near the fixture, then follow the loop 
principle, and turn up and into the vent stack, branching the trap 
into the waste branch, and taking the crown vent into the vent 
stack,, as shown in Fig. 157, or into a vent continuation of 
the branch waste, as preferred. If neither main stack can come 
near the fixtures, then loop out from the soil or waste stack to 
the fixture, and back into the main vent, leaving' enough upright 
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pipe at the fixture end of each loop to branch the waste and 
crown vent into, as illustrated in Fig. 158. In this way, half of the 
branch loop acts as a waste, and half as a vent, and there is ventilation 
through the soil or waste branch part 
without continually pulling the air into 
juxtaposition with the trap seal. Also, 
the local branch waste to the trap and the 
crown vent pipe are thus permitted to be 
as short as desired. 

To avoid separate stacks for scat- 
tered fixtures, what is termed the contin- 
tums system of soil pipe is frequently em- 
ployed when practicable. This means 
offsetting the main so as to be able to in- 
clude all the fixtures of a toilet-joom 
without making long branch wastes. If 
vent lines are also offset in this manner, 
some provision for water-washing the off- 
set should be made, as the products of 
corrosion or other foreign matter might 
otherwise fall into and choke the bend at 
the foot of the upper vertical part. Espe- 
cially is this true when plain wrought 
pipe is used. Lavatory wastes are gen- 
erally used to wash vent lines in such 
cases. 

Some city ordinances permit the 
continuous ^stem practically without 
vents, merely requiring the fixture con- 
nections to be not over 3 feet in length, 
and requiring either vents or non-siphon- 
ing traps where the stack cannot be 
brought within reach of the 3-foot limit 
placed on branch connections. 

A plan of offsetting, some modification of which may be used in 
any kind of system, is shown in Fig. 159, which makes plain the work 
of offsetting soil waste and vent lines without incurring the risk of 
having trouble with the vent pipe sooner or later. It provides for 
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throwing the corrosion of the vent line, both above and below the off- 
set, into the soil line, where it will be washed into the sewer by the 
water dischargetl from the closets and other fixtures. By ^mply 
offsetting the vent line, the corrosion from the pipe above the offset 
will fall into the bend, drift out into the horizontal part slightly, and 
finally choke up the horizontal vent altogether. As shown by the 
engraving, commencing with the main soil line at the first fixture, 
a branch line is made, and the branch then becomes the main soil line, 
leaving the vertical part for the vent. Next comes the offset, and 
after that another 
branch line for soil 
fixtures, again leav- 
■ ing the vertical pipe 
- for the vent, so that 
whateverfallsdown 
the vent, either 
above or below the 
offset, lands in the 
soil pipe and Is car- 
ried away with the 
wafer. With this 
arrangement, the 
only possible 
chance for the vent 
to clog with corro- 
sion is in the hori- 
zontal part of flie 
vent offset. \Miat 
corrosion takes 
place in a piece of horizontal pipe, is not sufficient to warrant con- 
sideration in itself. There is no other corrosion to be taken care of, 
except that which forms in the few feet of vertical pipe between A and 
B, which will not be enough to restrict materially the area of the 
pipe. It is best to make the piece of pipe between A and B as short 
as possible. 

With the continuous sj'stem, several offsets, simple or more or 
less complex, as shown in Fig. 159, may be necessary in the same 
stack, according to location of fixtures and the scheme of venting and 
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trapping. Fig. 153 shows a group of fixtures piped diametrically 
opposite to the continuous stack idea. The main stack does not 
deviate in favor of odd fixtures. Regular open wall-traps are used. 
The crown vents are assembled into one stack, and carried up inde- 
pendently or into the stack above the highest fixture. As before 
stated, the plan shown in Fig. 153 is faulty in that it favors evaporation 
of the trap seals by putting the extra duty of a line-vent current on 
the siphon or crown-vent branch. 

Anti-siphon traps often simplify ventilation problems, especially 
in awkward situations where it would be very difiScult to vent a fixture 
properly with pipe. Fig. 160 illustrates an example of this kind, in 
which non-siphon- 
ing traps are used 
on bath and lava- 
tory without any | 
form of crown or i 
branch line vents. 
In good practice, 
bath traps are 
placed convenient 
to reach, having 
screw-top h a n d- 
hole with cover in 




full view at the Plg. leo. AntlSlphonlUff Traps Dispensing with Necessity for 
nil Vent Lines. 

floor-level. 

Soil Stacks. The size to make a soil stack is largely a matter 
of opinion. There are examples of 10-inch stacks serving 40 
closets with the usual complement of lavatories and urinals. There 
are also instances where as many as 75 closets and numerous 
other fixtures all discharge into a 5-inch stack which has 
never given any indication of being too small. Although com- 
mon usage requires a 4-inch soil stack, there seems little ad- 
vantage in adhering to this dimension in small and simple 
installations. When the plumbing was designed for the city of 
Pullman, 111., more than twenty years ago, 3-inch soil stacks were 
used for small dwellings, and in some cases they were placed in a 
party wall, so as to afford service for two adjoining houses. The 
plumbing regulations of Washington, D. C, have allowed for some 
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years past the construction of 3-inch soil stacks for dwellings having 
only a single bathroom, and the practice has been justified by favor- 
able results. When it is considered that the outlet of a closet is 
rarely more than 2^ inches in diameter, it appears that a size smaller 
than 4 inches is often allowable. 

The size does not increase with the number of fixtures. Very 
few of a hundred closets in a building would ordinarily be flushed 
simultaneously. A 5-inch stack would answer well for 100 closets 
in a tall building where the toilet-rooms are superimposed, as shown 
in Fig. 161, which outlines the soil, waste, and vent pipes of several 




Fig. 161. Showing Layout of Soil, Waste, and Vent Pipes of Several Groups of 

Superimposed Fixtures in Same Building. 

groups of fixtures, rain-water leaders, etc. If the same number of 
closets were at one elevation, and the fall only moderate, common 
sense would dictate a 6, 8, or 10-inch line, w-ith 4-inch fixture branches. 
The velocity with which the water w^ill flow away should be a 
prime factor, but sizes in soil and waste pipes are far more a matter of 
empiricism than in supply work. A soil pipe not too large is self- 
scouring in a sense. This point is erroneously argued in favor of 
small waste pipes. If a soil pipe too small for the duty should be 
installed, ordinary usage would develop the fact quickly. But in a 
waste outlet, where grease is likely to accompany *JLc water, a pipe 
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large enough to cany the waste easily when the pipe is new, may be- 
come choked after a considerable period of time, and merely because it 
is of the size so-called "self-scouring." A house line which may be 
much too large for the waste will be likely to choke from floating 
mattet adhering to the sides above the water line until overhanging 
ridges are formed that break down in the channel. Being too heavy 
for the water to push along, this matter acts as a dam, and complete 
stoppage soon results. This is why large sewers are built with elliptical 
bottom section. Having variable flows to take care of, the depth of 
water produced by ordinary usage cleanses the conduit, and keeps it 
in much better condition than if round conduits of the same capacity 
were employed. 

Slope. With due respect for appearance, all the fall possible 
should be given lateral soil and waste lines. About ^^ inch to the foot 
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Fig. 102. Trap-Screw Ferrules Installed at Intervals to Facilitate Cleaning of 

Drain Pipe. 

(one degree) is taken as the minimum. With cast pipe and leaded 
joints, much more than this can be given, by gaining change of direc- 
tion in setting the joints. With screwed fittings for wrought pipe, tap- 
ped, pitched one degree from the nominal angle, less latitude to vary the 
fall is offered. Considerable variation is possible, however, by cutting 
pitched threads on the pipe. In positions where the cutting of one 
pitched thread entails the work of cutting another with the pitch 
just opposite that of the first in order to follow the perpendicular 
Again, the work is irksome and is seldom resorted to. Cast fittings, 
threaded, for drainage work, are recessed in the ends, so that, when 
screwed on the pipe, the pipe and interior of the fitting are of the same 
diameter, thus presenting no jog or broken edges to favor stoppage. 
Stoppage of drains of any kind is likely from many causes; and during 
installation, traprscrew ferrules, or tees with brass plugs, according 
to the kind of pipe being used, should be provided along the line, as 
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shown in Fig. 162, so as to make the work of cleansing as convenient 

and inexpensive as possible. 

Sizes of Soil and Waste Pipe. The usual sizes for soil 

and waste work are: 5-inch for ordinary house main (horizon- 
tal); 4-inch for 1 to 4 closets; 
5-inch horizontal branch from 
5-inch stack for a battery of five 
or more closets; 5-inch stack for 
any ordinary number of fixtures; 
main vent stack, same size as 
soil-stack; loop vent, same size as 
stack; crown-vent stacks, 2 or 
3-inch; slop-sink stacks, 3 or 4-inch; 
closet connection, 4-inch; closet 
crown vent, 2-inch; slop-sink con- 
nection, 3-inch; slop-sink vent, 
'^ '^"'^**^ 2-inch; urinal stacks, 3-inch; uri- 

Pig, 163. Locai^v^entiiauon for Two ^^i branch wastes, 2-mch; urinal 

trap vents, 1 J to 2-inch; bath stacks, 
3-inch; bath-waste connection, 2-inch; lavatory wastes, 2-inch. The 
2-inch refers to the size of cast pipe used in the case of lavatories 
and baths; the lead trap and connections of 
these, and often of other fixtures, are made 
IJ-inch. Small lavatories cften have IJ-inch 
waste. The crown vent is usually one size 
less than the trap for all but closets and slop 
sinks. Of late, bath-waste outlets are fre- 
quently made 2-inch. Kitchen-sink stacks are 
made 3-inch; single sinks or branch waste for 
one sink or set of trays, 2-inch, with 2-inch trap 
and 1 2-inch crown vent. 

Local Ventilation. A 'ccal vent is a 
pipe leading air from the bowl of a closet 
or through the outlet of a urinal to carry away 
odors with a current of air fed by the air of the room. In Fig. 163 
are shown two openings for urinals where the roughing-in pro- 
vides for local ventilation for the urinal bowls in a way that is 
equivalent to the local vent pipe to a closet bowl. V is a general 
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vent stack, and W the urinal waste stack. Instead of putting in crown 
vents for the traps, the branch waste becomes a. vent at the junction 
of the trap branches, and loops back into the general vent stack. 
There is sufficient ventilation in this case for two reasons — the traps 
are close to the line; and the current up the main local vent stack is 
induced and maintained by a fan motor, which, in drawing the odors 
from the urinal bowl, creates more or less suction on the house side 
of the trap seals and counteracts the tendency toward siphonage on 
the sewer side. The roughing-in 
shown, is hid by marble slabs in 
the finished work.' 

A section of the marble back, 
with urinal and vent and waste 
connection, is shown in Fig, 164, 
which makes clear what is meant 
by local urinal ventilation. The 
difference between it and local closet 
ventilation, is that as the trap for 
the urinal is not in the urinal proper, 
the current from the room passes 
through the urinal outlet except 
while it is flushing; while in the 
closet the local vent connection is 
made to the bowl above the vbible 
water-level, because the trap below 
interferes with connecting it other- pig. ,«. L<«aiir vented Trap for orinfli 

^.^ and Floor Drain ComWned. 

Another plan of local-venting a urinal is shown in Fig. 165, in 
. which the urinal trap answers as a trap to the floor drain as well, and 
the local-vent current passes down through the grating of the floor- 
slab drain and up through the urinal waste to the. point where the 
urinal proper connects. Between the trap and urinal connection, the 
pipe is a waste and local vent combined, its continuation above the 
urinal vent connection being simply a local vent pipe, the area of 
which being e(|ua1 to the combined area of the urinal outlet and floor- 
slab grating, a current also passes from the urinal bowl through its 
outlet into the local vent pipe. The only fault to be found with this 
arrangement is the abnormal distance of the trap from tlie fixture. 



which, liowever, is of httle consequence so long as the means for pro- 




« Same Floor at Donble-Flat 



(lucing a current in the local vent stack is doing its duty. Fig. 166 
sliows the openings left for a battery of closets that are to be set on a 
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tile floor. The uprights connect into a branch soil line Iwlow, Tlie 
illustration is given to show a system of venting which can be used 
with closets that do not permit of crown venting. 

Local vent stacks are round or rectangular, and are made of 
galvanized sheet iron. Unlike the soil or supply pipe system, the 



Fig, ISB. Plan ot CompleM last&llBtloa Shown In Part 1q Fig. 1CI, 

stack system is made proportional; that is, the area of the stack at 
any point is an approximation to the aggregate area of all the vent 
branches that have been connected into it up to that point. The 
local vent stack is sometimes carried into th^ same shaft which 
incloses the smoke-pipe from the boilers. In other cases it is connected 
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with an exhaust fan driven by power, usually supplied by an electric 
motor, thus insuring a constant air-current. Bowl or local ventilation 
is not generally installed in dwellings. The closet does not receive 

such frequent usage in private 
houses as in larger buildings such 
as hotels, offices, etc.; and in the 
smaller structures there is no hot 
flue that can be depended upon for 
purposes of aspiration. If led to. the 
open air, the vent will act very well 
in warm weather; but during the 
winter months it will be likely, 
through reversal of the current, to 
bring in cold air and disseminate 
the odor through the apartment. 

Soil Pipe and Fittings. Under 
the head of specialties, many forms 
of patented soil-pipe traps and fit- 
tings- have been placed on the mar- 
ket from time to time, with a view 
to lessening labor and cost and 
simplifying the work of roughing-in 
for plumbing fixtures. Of these, a 
singular instance of the use of one 
type will be noticed. Fig. 167 illus- 
trates a well-known line used in 
roughing-in for the toilet-rooms of a 
double-flat building. Being dra^n 
in perspective, the function and 
merit of every fitting shown is self- 
evident. Fig. 168 gives in plan 
view the roughing-in shown in Fig. 
167. The location of the fixtures 
on the floor below the plan of 
piping, is indicated in solid lines by a, 6, and c. On other 
floors, corresponding fixtures for the stack shown, are of course 
superimposed as a matter of economy and convenience. Fig. 169 
is a broken general view of the waste and vent stacks for the laundries 




Fig. 169. Broken General View of Waste 

and Vent Stacks for Laundries 

and Kitchen Sinks of a 

Flat Building. 
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Fig. ITl. Double-Hub Lengtb of Suuidard Soll-Plpe. 



and kitchen sinks of the same building, the roughing-in work and 
some of the fixtures being shown. The regular standard soil-pipe 
and fittings can be made to answer for any case, although incon- 
venience and 
additional ex- 
pense are of- 
ten incurred 
in working fit- 
tings of stand- 
ard dimen- 
sions in close 
quarters. 

There are several weights of soil pipe and fittings used, vaiying 
with the building or with the requirements of city or state sanitary 
laws, etc. The weight known as standard is sometimes used on 
buildings under four stories in height, and 
for vent pipes and soil-pipe extensions above 
the highest fixture. Extra heavy piptf and 
fittings are used in tall buildings and in 
most ordinary work, for all soil and waste 
purposes below the highest fixture. The 
standard length of soil pipe for all diame- 
ters, is five feet, exclusive of hub. 

Fig. 170 shows a regular single-hub length. 
Fig. 171 represents the double-hub length 
employed to avoid the use of double-hub 
< and extra joints where less than full lengths are required 
in cases where the cost of regular extension pieces would exceed the 
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11-Plpe. 

price of double-hub pipe. Fig. 172 is a quarter-bend with double 
hub. It is of the long-sweep or long-radius pattern. The whole list 
of standard regular fittings is made in the long-radius pattern. They 
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should be used where possible; but the shorter-radius tj-pe, corre- 
sponding to that shown in Figs.-173 to 180, is most generally employed 
because the little room available enables the plumber to lay lines in 

r places where cramped con- 
ditions make the use of the 
long radius impossible. 

One-sixteenth, one- 
eighth, one-sixth, one- 
I fourth, and return bends 
FiS'iTo. ReiurnBend Tie-in. singieY. embrace the regular list of 

soil-pipe bends, giving a 
range in angles from 22.^ to ISO degrees in the same plane; and," by 
winding them, giving a twist to the joints, almost any angle with the 
original direction can l>e obtained. 

A wider range of bends is offered in the recessed and threaded 



rig. I7K. Double Y-Braucb. 



Fig. V 
Ttat 



cast-iron drainage fittings for use with wrought pipe. Omitting the 
pitched ells and tecs for regular fall, 5f degrees is the most obtuse 
fitting regularly made. 

The return bend for cast soil-pipe is represented by Fig, 170; 




fig. 183. SlDsle 
y wltb side 

single Y, by Fig. 177; double Y-branch, by Fig. 178; sanitary tee, 
by Fig. 179; and the double sanitary tee, by Fig. 180. The tee and 
double tee shown are known as the aanitary pattern, on account of the 
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curved branches, which direct the flow in the pipe line somewhat in 
the same manner as does a Y-connection. Common tees and crosses 
are made in strictly right-angle branches. The i-bend is also made 
with riglit and left 
side-outlet, as indi- 
cated by Fig. 181 ; 
and with heel-out- 
let, as shown in 
Fig. 1S2. Tees, 
crosses, ami Y's ^ 

can lie had with 

side outlet as shown at b. Fig. 183. These auxiliaiy openings, while 
always term«l outlefa by the trade, are in fact iTihl branches. Long 
branch fittings, with a branch equivalent to a Y 
and J-bend connection, are also made. 

OfTsets may be had to ofTset the pipe as little 
as half of one diameter, and up to six diameters. 
Any of the standard branches can be had with 
trap-screw clean-out, as shown at a. Fig. 184. The 
l)olted-plate clean-out, indicated in Fig. 185, is 
undesirable, as the cover can rarely be securely 
replaced when removed for purposes of cleaning. 
s of cast soil-pipe fittings are made with 
branches threaded for wrought pipe, as sbown in 
Fig, 186. These meet the demand for a means 
of easily connecting wrought vent-pipes to a cast-iron pipe line. 
Similarly, combination lead and brass soldering nipples threaded 
for wrought pipe are now carried by supply houses, the lead 
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Fig. I)T. Comblnallon Lead and Brass 




Fig. 188, Comlilliatlon 

and Iron Ferrule. "Kay- 
mood" Type- 



being furnished straight, as shown in Fig. 187, or in the form of 
a quarter-bend. .These are very convenient for use with wrought 
vents, and are equivalent to the regular combination lead and iron 



140 PLUMBING 

ferrule, shown in Fig. 188; they can be used with cast pipe by calking- 
in. This combination ferrule — commonly known as a "Raymond" 
ferrule, from its maker — is sometimes damaged during the process of 
calking; and sometimes the outer covering is burned through in 
making the solder joint. For these reasons, its use is prohibited In 
many localities. 

Brass ferrules for calking-in make a oetter job than lead and iron; 
but in case of their use, it is necessary to wipe on a piece of lead, which 
in cramped connections is sometimes most inconvenient; and both 
the femile and Ihe work are more expensive. 

The recessed or bub ferrule shown at b. Fig. 189, is a good form 
of ferrule. It is not satisfactoiy, however, as usually sold. The 
stock length brings the increase in diameter necessary for the recess 
close to the face of the hub of the fitting, making it veiy difficult to 



yam and calk, even before the lead pipe is wiped on; and as these 
joints are usually wiped before the ferrule is calked in place, it is 
difficult to make safe joints where they are used. The forms of brass 
ferrule generally used are shown at c and e, Fig. 189, the lead end of e 
being contracted for use with 1 J-inch pipe or less. 

Soil-Pipe Joints. A section of a soil-pipe joint is shown in 
Fig. 190. The materials used in making these joints are good, 
clean hemp or oakum, with melted lead poured in and afterward 
calked. The packing to support the lead should be of uniform 
strand, e\enly twisted, ^^^^en a joint is made with pipe cut to 
length, the bead having been cut off the spigot end, care must be 
taken to pack the yam uniformly tight without driving it throu^ 
into the bore of the pipe, and in a way to keep the spigot end 
in the center of the hub space so as to get a uniform thickness 
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of lead on all sides. As an extra precaution in difficult places, 
the packing is sometimes dipped in linseed oil, and then wrung as 
dry as possible, before yarning a joint. This gives almost positive 
assurance that the joint will not leak water. 
Likewise, shavings of sperm candle whittled in 
on top of the yam before pouring the lead, pre- 
vent water leakage. 

Some plumbers pour in just enough lead to 
make a ring around, and calk it down reasonably 
tight on top of the yam, before pouring the hub 
full. Unless very little yam is used, this does 
not leave a solid ring of lead deep enough to in- 
sure the best joint; and if too little yam is em- 
ployed, there is danger of the lead burning its 
way through into the pipe. This method is 
therefore undesirable in either case. 

Care should be taken before pouring a joint, to see that no threads 
of yam are standing above the face of the hub; otherwise a leak may 
result from stray threads protmding. Becoming charred by the heat 
of the lead, they soon leave a tiny hole through the lead, from which 
trouble results. No matter what the position of the joint, the entire 
charge of lead to complete it should be poured at one time, and the 
lead should be hot enough to insure a tme union of the meeting edges. 
If the pipe is large or the weather very cold, it is better to warm the 




Fig. 190. Section of 

SollPlpe Calked 

Joint. 




Solder 




Pig. 191. Good Type of Closet Floor- 
Joint. 



Fig. 192. Secure Type of Floor* 

joint, for Closets which can be 

Revolved about the Outlet. 



hub in order to insure the flowing edges uniting, than to risk pouring 
the lead so hot that it may bum through the packing. 

It is a matter of opinion, whether or not a joint should always be 
calked while it is hot. If the pipe is heavy enough to stand it without 
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cracking the hub, it can make little difference whether the joint is 
calked hot or cold. If the pipe is light, a hard calking while the 
joint is hot and the hub expanded may cause splitting of the hub 
when it contracts from cooling. The best plan appears to be that of 
driving down the lead reasonably tight while it is hot and therefore 
softer than when cold, at which time it will give and adjust itself to 
the irregularities of the hub and spigot. Then, a little later, calk 
twice around with a thin-edge tool, driving the lead into contact with 
the spigot surface on one edge, and against the inner hub surface on 
the other. 

Floor Joints. A closet floor joint of good type is shown in 
Fig. 191. In this joint, a bevel-edged brass floor-plate is screwed to 
the floor and well soldered to the end of the lead bend, as indicated. 
The floor-plate has slots for the closet bolts, so that any variation in the 
position of the bolt holes in the flange of the closet pedestal will not 
cause trouble when aligning the bolts, as they can be slid along in 
the slots of the plate to the required position. Common putty, 
plaster of Paris, or hydraulic cement may be used instead of a rubber 
gasket; but the latter two materials make it difiicult to remove the 
closet from its setting, and there is always risk of breaking the flange 
if the pedestal has to be moved for any reason. 

A secure type of joint, introduced a few years since, is sho\ivTi 
in Fig. 192. This connection is well suited for such types of closets 
as can be revolved about the outlet, but cannot be used with closets 
where the outlet is well toward the rear of the fixture 

TRAPS 

Traps are made in many forms, none of which combines eveiy 
desirable feature. A trap with vertical drop at the inlet is considered 
best for the main intercepting trap, as it allows the incoming water 
to break up the scum and floating matter so that it will be carried 
out promptly by the flow. This form also presents a difficult place 
for sewer rats to climb, and is therefore favored for that reason also. 

In regular fixture traps, open-neck bends, and the least surface 
possible, are favored. The Y and J-bend connections in one fitting, 
and other fittings combining the virtues of the open bends of long- 
radius fittings, are used merely because they offer little chance of 
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stoppage; but traps should have every part exposed to view in ortler 
to betray leakage. Tide-water traps are usually nothing more than 
simple, large, swinging check-valves. Some intercepting traps are 
provided with a swinging check. The tide-water feature is necessary 
only when high water or tides are likely to raise the water into which 
the sewer discharges so as to flood the cellar through fixture openings. 

Siphonage. Traps introduce into plumbing the element of 
siphonage. This may be normal and desirable, as in the case of 
closets which discharge their contents by siphonic action; but siphon- 
age in fixture traps, and the means of preventing it, are prime factors 
in every plumber's work. 

Ordinary siphonage can best be illustrated by a few simple 






Pl(t. 198. U-Tube 

with Legs of 

Equal Length. 



Pig. 194. U-Tube 
iQTerted. 



Fig. 196. Inverted U- 

Tube with Legs of 

Unequal Length. 



diagrams showing the principles involved. In Fig. 193 is shown a 
U-tube with legs of equal length, filled with water. If we invert 
the tube, as shown in Fig. 194, the water will not run out, because 
the legs are of equal length, and contain equal weights of water, which 
will pull downward from the top with the same force, tending to form a 
vacuum at A. Cohesion of the particles of water, together with equal 
atmospheric support of the water at the open ends of the tube, prevents 
any appreciable void space when the U is of short length. If one of 
the legs is lengthened, as in Fig. 195, so that the column of water is 
heavier on one side than on the other, the water will run out. The 
atmospheric pressure being practically equal on both legs, the greater 
weight of the water in the long end, through cohesion, assisted by 
the air-pressure, pulls the water in the shorter tube up over the bend, 
much as an unbalanced chain would run over a pulley. The columns 
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of water in the tube in this case may be likened to a piece of rope 
hanging over a pulley ; when equal lengths hang on each side, it wall 
remain stationary; but if one end is longer and therefore heavier 

than the other, the whole rope will be drawn 
over by the longer and heavier portion. 

If the short leg of Fig. 195 be dipped in a ves- 
sel of water, as shown in Fig. 196, we then have 
the conditions necessary to form a common 
siphon; The atmospheric pressure, which be- 
fore acted on the water at the bottom of the 
short leg of the tube, then becomes operative on 
the surface of the water in the vessel, and the 
flow through the tube will continue until the 
water-level in the vessel falls slightly below the 
end of the tube, admitting air and breaking 
the siphonic action. Gravity acts proportionally on the water of both 
legs of the U durmg siphonage, and the point of tension is therefore 
at the highest point of the bend. 

If the bend should be pierced at the top, air-pressure would be 
established at both ends of each leg, and gravity would instantly 
empty the short leg into the vessel. It is in this manner that a crown 
vent to a common fixture trap breaks the flow and throws enou^ 



Fig. 106. A Common 
Siphon. 





Fig. 197. Trap Fulfilling Siphon- 
age conditions. 



Fig. 108. Siphoning of Trap 
Broken by Crown Vent. 



water back into the body of the trap to preserve the water-seal. Fig. 
197 shows the principle of Fig. 196 applied to the trap of a plumbing 
fixture. If the bowl is well filled with water, so that when the stopper 
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is removed from the bottom, the waste pipe for some distance below the 
trap will be filled with a solid column of water, siphonic action like 
that just described will take place and the trap will be drained. A 
sufficient amount of water runs down from the fixture and sides of the 
pipe above the trap to partially provide for the seal, its full restoration 
being assured- when a crown vent is used, by water being thrown back 
from the short leg of the siphon (center leg of the trap) as shown in 
Fig. 198. 

The direct action of the water of a fixture 
in breaking its own trap seal by siphonage, is 
called self'siphonage, A more common form of 
trap siphonage in defective work, is where two or 
more fixtures connect with the same waste pipe, as 
shown in Fig. 199. In such cases, the seal of the 
lower fixture is more apt to be broken by the dis- 
charge of the upper. The falling column of 
water leaves behind it a partial vacuum in the soil 
pipe; and the outer air tends to rush into the pipe 
through the way of least resistance, which is often 
through the trap seal of the fixture below The 
friction of the rough sides of a tall soil-pipe, even 
though it be open at the roof, opposed to the 
flow of air through it, will sometimes offer more 
resistance than the trap seals of the fixtures, with 
the result that the seals are broken, and gases 
from the drain are free to enter the building. 

Kinds of Traps. The kinds of fixture traps 
are innumerable. They can be divided into two 
general classes — those that seal with water only, and those that have 
a mechanical seal as an adjunct to that of the water. These may 
be again divided into flain and anti-siphoning classes. 

The trap having no concealed partitions and with all its walls 
exposed to view, is best. If the water leaks through the wall, its 
defectiveness is evident, and the annoyance from the leak suggests 
repairing. 

Of the simple water-seal fixture traps, the open-walled drawn 
lead is used for ordinary work. It can be had with equal-length arms 
or with extended inlet or outlet, so as to reach from fixture to floor or 




Pig. 190. Two Un- 
vented Fixtures Con- 
nected toSame Waste 
Pipe, Causing Self- 
Slphonage. 
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wall without a piece of ioterraediate pipe. The form shown by full 
lines in Fig. 200 represents a full "S" pattern. When the ends are 
bent as per dotted lines A and C, the trap is called a running trap; 




ng.SOO. "S'^PatlernTrap. ' FIg.WI. ABagTrap. 

when the ends are at D and C, it is said to be a halj-S or P trap; 
when the ends are set as at D and E, it is called a J-5 trap. F is a 
clean-out screw for emptying and cleansing. The distance represented 
by A^ should, in a trap for oitlinaiy. purposes, be ^ to 2 inches, according 
to size. Frequently this distance, which constitutes the water-lock, 
is much reduced ; and sometimes the trap is unsraled by the plumber 
stretching its bends in order to reach some faulty roughing-in. 

In buildings where the plumbing may be left unused for weeks 
from time to time, as is likely in rented houses, deep^eal traps, or 
those with mechanical seals also.'Should be 
used. This point is not so important in de- 
tached houses or those rented to one family 
only at a time, since, when a family moves 
out, there is no one to suffer. But in flat 
buildings, where some of the flats may be 
vacant for a time sufficient for an onlinaiy 
seal to be broken while other families are 
living in the house, deep-seal traps are more 
essential. 

Fig. 201 shows what is termed a bag 
trap, made to bring the inlet and outlet in the 
same vertical line. These traps are inter- 
changeable with any others with straight-line outlet — for instance, 
as shown in Fig. 204. 

An open-wall trap partly cast and partly tubing, generally made 
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of brass, is shown in Fig. 202, the vent connection to wall being at A . 
This form of trap generally has a swivel-joint at B, which is below the 
water line, so that the body may be swiveled to meet roughing-in 
openings in any direction within two diam- 
eters of the line of fixture outlet. The bag 
form shown is most convenient for D-shape 
or standing waste bowls which present the 
outlet comparatively near the wall. The 

regular "S" of this type suits bowls with ^^^ 

center outlet, and will reach a wider range ^0 

of variation in roughing-in. 

Fig, 203 shows a common lead drum or i 
pot trap, most convenient to the plumber. It 
is furnished without openings, and the plumber makes bends, and 
wipes-in his inlet and outlet at points in the circumference most con- 
venient to reach the fixture opening. A is the screw-top clean-out; 
and B, the wrench-face for turning it 
The trap is furnished, when desired, 
with nickel-plated brass flanged cover, 
as shown at C, to screw on at the floor- 
level. F is ordinarily the outlet, the 
inlet being wipetl-in near the bottom 
to give it the water-lock. This is not 
proper, however, as it puts the sewer 
air against the clean-out cover, which 
might leak gases into the building 
without betraying any evidence of its 
defectiveness by water leakage. To be 
strictly correct, F should be the inlet; 
and the outlet, in the shape of an off- 
set, or that of an inverted P-trap with- 
out the trap-screw, should be wiped- 
in near the bottom in a way to retain 
the proper seal and thus bring the sewer 
air against the water-seal instead of the 
clean-out cover. 
Traps that retain their seals by means of interior weirs are of 
doubtful character, even at their best ; none but well-tested cast-brasa 
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.traps of such a piitteni should ever be insta.lle<i. ¥\g. 204 is a section 
B of a flask or Atlas trap, with vent, 

usually made of cast brass and de- 
pending upon two interior weirs to 
form the seal, one retaining the 

1 water, and the othcrdipping into the 
water to prevent sewer air from get- 
ting into the house through the fix- 
ture. If the water weir of such a 
trap becomes defective, there is no 
evidence except odors by which the 
occupants may discover it. If the 
Fig. 205 Bill h Trap with dipping weir is defective the value 

Siibmergfid Inlet. , , i ■ -. t . . 

of the water seal is ml. In either 
rase the trap is no barrier to the admission of drain air to the bouse. 

Fig. 205 illustrates a form of trap 
suitable for use with baths. It has 
a submerged inlet connection which 
is expanded so that the flow enters 
the trap at a dipping angle which 
produces a swirl with cleansing 
effect. The extension collar A is 
made so that the screw-cover B 
forms the gasket joint below tlie 
water-level. The method of pro- 
viding the outlet in this trap makes 
it open to the same objection raised 
in connection with Fig. 203. This 
form, however, has the merit of being '■ 
accessible for inspection without dis- : 
turbing its senire, which is inipos- ;, 
sible with the flask pattern shown 
in Fig. 204. 

The lavatory trap shown in J~"X 
Fig, 20G, has an interior weir as iJ — Ij" 
shown at A ; but the wall 
in such a way as to betray defec- 
tiveness by water leakage. It is made of cast metal, and is fumbhed 
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with eilher jtUias or metal <loine. The stronj^ point claimed for this 
trap is the cleansing effect obUiiiicd by the flange extension of the 
exit, as shown at A, deflecting some of the 
water, which, together with the swirling effect 
produced by tlie tangential inlet, miikes tlie 
trap self-cleansing. 

Of the traps having a mechanical seal sup- 
plementing the water-lock, Fig. 207 is a specific 
type. The mechanical valve Z> is a rubier ball, 
lighter than an equal bulk of water, playing in 
the cup C. It acts by flotation, and presses up 
against the inlet A with a force equal to fhedif- 
erence in weight of the bsill and the wafer it dis- 
places. The body is generallv made of lead : 

*^ ,■',.' . . Fig. sm. Trap with Me- 

and the cup of glass, with screw-joint and cbiiiiioais«iiAciiQBby 
gasket at F. This trap is proof against back- 
water; and, in case the waste line becomes choked below, will pre- 
vent a fixture from flooding even when others are discharged at a 
higher level. It has, however, se\eral faults that counterbalance its 
merits. The inlet is open to the 
same criticisms that an interior wall 
of any other trap would be; the an- 
nular space at R accumulates filth; 
and the mechanical seal is worthless 
when most needed — that is, in the 
I absence of the water-seal. 

Another mechanical seal trap, 
shown in Fig. 208, is the exact oppo- 
site of the previous example. The * 
ball sinks by gravity, and effects a 
mechanical seal even when the water 
seal is absent. This trap is not so 
easily siphoned as a plain trap. It 
lias a clean-out screw, and can be had 
with vent opening. Air from the 
sewer side acts against the clean-out 
cap through which access is had to the ball, and there are interior 
walls to become defective with little chance of discovery in practice. 
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A coinbinec! mecliaiiical and water-seal trap is shown in Fig. 209, 
in which D is a hollow, flexible ball inclosing a metal ball Z)', thus 
giving a resilient seating surface that finds its place by gravi^ in 
water. The arrangement is proof against back-water, and the 
mechanical seal is positive without the aid of water, A represents 
the basin; B, the basin coupling; C, the valve seat; f, a glass cylinder 
body; and GG, a clamp with thumb-screw G', for clamping the 
cylinder body in place. This trap holds a large amount of water, and 
is not likely to become unsealed from lack of use, as part of the seal 
is protected by the 
ball, and shoukl the 
water evaporate, 
the mechanical seal 
is still effective. 
There are no in- 
terior walls through 
which the trap 
could lose its seal 
without betraying 
the fact by leakage. 
Generally speaking, 
mechanical seals in 
fixture traps cannot 
be depended upon. 

pig. SW. Trap with Combined Water Seal and Gravity- An ti -siphoning 

Acting Mwbnnlcal Stal. , ■ i ' 

traps are a blessing 

in instances where pipe ventilation is difficult. It would be better to 
have none of them, however, than to attempt to supplant pipe venti- 
lation by their use to any great extent. 

It would be impossible here to consider the whole list of traps 
individually in an adequate manner. What has been said should be 
enough to enable one by careful study to decide each case intelligently 
upon its merits. Many special traps are deserving of more favor 
than is generally shown them. It is the fear of seeming to indorse the 
horde of cheap competitive articles that causes many to ignore alike 
the good and bad. This fear is well grounded. The wolves will creep 
in if the door is opened at all. 

Loss of Traps Seals. Traps may lose their seals in six ways — by 
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waving out, by capillary action, by leakage, by evaporation, by siphon- 
age, and — ^if the use of an unusual term be permissible — ^by impella- 
turn. The first, with its cause, has been described (see page 117). The 
last, like waving out, is caused by air-pressure, but on the house side 
instead of the sewer side of the trap. It occurs most frequently in 
intercepting traps where the fresh-air inlet has been connected too far 
from the trap, thus allowing heavy discharges of water and storm 
floods to compress the air between the fresh-air inlet and the trap. 
This action is of little consequence when so caused, as there is abun- 
dance of water to re-establish the seial. Its mention, however, suggests 
that a portion of the pipe is left unventilated by connecting the inlet 
too far from the trap. This error is usually made with good intention, 
because the foul-air outlet and 
fresh-air inlet are often made in the 
trap proper and are therefore too -^^ 
close together to pipe to the surface 
directly. There is a singular instance 
on record, of a trap having its seal 
broken by pressure on the house 
side — not from pressure of air in 
the pipe, but of that in the room 
into which the trap seal opened. 
This was a water-closet in a tight, 
unventilated compartment in a pri- 
vate house. Odors were often present which no one could account 
for. The job was new and first-class. The house was well built — 
too well. After many others had failed to diagnose the trouble, a 
plumber with some philosophy in his make-up examined the job. He 
stood in the hall, and slammed the closet-room door. It failed to latch, 
the room being so tight that the air-pressure kept it from seating 
on the rabbet of the frame. The door, of course, was instantly thrown 
partly open again by expansion of the air, and the plumber caught 
a glimpse of the water in the closet-bowl bobbing up and down. By 
repeating the experiment and measuring the depth of water between 
times, he discovered that, as suspected, the sudden closing of the door 
of the small, tight room was thrusting the water down in the bowl and 
causing enough to flow over into the soil pipe to break the seal. The 
trouble was remedied by cutting \ inch off the door at the bottom. 




Pig. 210. PoreiRn Matter (Lint. Strings. 

etc.) Causing Capillary Loss 

of Trap Seal. 
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Evaporation has been described elsewhere. Leakage of seals has 
been mentioned in conjunction with types of fixture tn^. Siphon- 
age of traps is simple. The conditions necessary to start a conmion 
siphon being established in a waste pipe, the seal will be drawn 
out. The discharge of water from a fixture will siphon its trap 
(self-siphonage), if no provision against siphonage is made. The 
crown vent pipe, as described, breaks the siphon in a trap when its 
fixture is discharging, and prevents other fixtures from siphoning or 
waving out the seal. Capillary loss of seal occurs through liair, lint, 
and strings hanging over the weir of the trap. Dipping into the seal 

on one side, and ending in the pipe on the 
other, water will climb through or between 
such matter by capillary force, and will drip by 
gravity into the pipe. This is indicated by 
the tangled lines at R, Fig. 210, represent- 
ing capillary material hanging over the outlet 
neck D of the trap. The trap indicated is for 
a lavatory with horn overflow bowl, V being 
the overflow connection, / the waste, B the 
crown vent, and O the outlet. Traps are some- 
times locally vented at V. 

Materials forming a porous coating, on the 
inner walls of the trap through chemical action 
whit^i Provision t^Madef or Or Otherwise, are now and then responsible for 

Flushing and Cleaning Off- .11 • . 11 .• * .11 

set Vent Whenever Neces- the loss of watcr-scal by action of a Capillary 

nature. The shape of a trap may favor the 
accumulation of matter that will lead to capillary loss of seal. 
This is one reason why the plain, open-wall, cylindrical-bore traps 
are best. It is found that no matter how the trap is shaped, its 
surface is, as a rule, not used except at the points which conform 
to the simplest, most direct course — as before said. Other shapes, 
then, present needless fouling surface and space for accumulation 
of matter that interferes with the proper service of the trap. De- 
parture from the shape mentioned is necessary to secure an unvented 
trap that cannot be siphoned. Any trap that must necessarily 
be connected so as to put the air of the sewer side against the gasket 
of the clean-out cap, should not be used. 

A difficulty common to venting the general run of plumbing 
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fixtures, is presented by the fact that to crown-vent the trap prohibits 
sufficient immediate vertical rise of the crown vent to get above the 
fixture overflow-level, without making an offset in the vent, which, in 
case of stoppage of the waste, favors choking of the vent in the offset by 
matter floated into it as a consequence of the stoppage. A plan 
providing for flushing of the vent at will, is shown in Fig. 211, a sanitaiy 
tee branch being placed in the vent above the level of the sink or 
lavatory back, as shown at A, and closed by nickel-plated trap-screw 
cover B at the face of the finished wall. In this way, by removing 
cover B, a wire can be run through to the trap-screw clean-out, and 
the offset portion thus cleaned; and, if necessary, it can be flushed by 
injecting water at B with a hose or funnel. 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 
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HEATING AND VENTILATION. 

PART I. 



1. What advantage does indirect steam heating have oy w 
direct heating? What advantages over furnace heating? 

2. What are the causes of heat loss from the building? 

8. Why is hot water especially adapted to the warming of 
dwellings ? 

4. What proportion of carbonic-acid gas is found in out- 
door air under ordinary conditions ? 

5. A room in the N. E. corner of a building is 18' squai-e 
and lO' high; there are 5 single windows, each 3' X 10' in size; 

• the walls are of brick 12" in tliickness. With an inside temper- 
ature of 70 degrees, what will be the heat loss per hour in zero 
weather? Ans. 21,447 B. T. U. 

6. State four important points to be noted in the care of a 
furnace. 

7. A grammar school building has 4 rooms, one in each 
comer, each being 30' X 30' and 14' high and seating 50 pupils. 
The walls are of wooden construction, and the windows make up 
^ of the total exposed surface. The basement and attic are 
warm. How many pounds of coal will be required per hour for 
both heating and ventilation in zero weather, if 8,000 B. T. U. are 
utilized from each pound of coal ? Ans. 96.3 lbs. 

8. What two distinct types of furnaces are used? What 
are the distinguislimg features ? 

9. What is meant by the efficiency of a furnace ? What 
efficiencies are obtained in ordinary practice? 

10. What are the principal parts of a furnace? State 
Wefly the use of each. 
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PART II. 



1. How would you obtain the sizes of the cold and warm 
air pipes connecting with indirect heaters in dwelling-house work *^ 

2. What is an aspirating coil and what is its use ? 

3. What efficiencies may be allowed for -indirect heaters in 
schoolhouse work ? How would you compute the size of an 
indirect heater for a room in a dwelling house ? 

4. How is the size of a direct-indirect radiator computed^ 

5. A schoolroom on the fourth floor is to be supplied with 
2,400 cubic feet of air per minute. What should be the area of 
the warm-air supply flue? 

Ans. 6 square feet 

6. What is the chief objection to a mixing damper, and how 
may this be overcome ? 

7. How many square feet of .indirect radiation will be 
required to warm and ventilate a schoolroom when it is 10 
degrees below zero, if the heat loss through walls and windows is 
42,000 B. T. U. and the air supply 120,000 cubic feet per hour? 

Ans. 349 square feet* 

8. What is the difference in construction between a steam 
radiator and one designed for hot water? Can the steam radiator 
be used for hot water ? State reasons for answer. 
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heatij^^g ani> ventilation 

PART III. 



1. A main heater contains 1,040 square feet of heating sur- 
face made up of wrought iron pipe, and is used in connection with 
a fan wliich delivers 528,000 cubic feet of air per hour. The 
heater is 20 pipes deep and has a free area between the pipes of 
11 square feet. If air is taken at zero, to what temperature will 
it be raised with steam at 5 pounds pressure ? 

Ans. 140^ 

2. A nine-foot fan running at 130 revolutions delivers 
40,000 cubic feet of air per minute. If the fan is speeded up to 
169 revolutions, and an electric motor substituted for the engine, 
what will bo the rating of the required motor? 

8. What precaution must be taken in connecting the radi- 
ators in tali buildings. 

4. Give the size of heater from Table II, which will be 
required to raise 672,000 cubic feet of air per hour, from 10° be- 
low zero to 90°, with a steam pressure of 20 pounds. If the air 
quantity is raised to 840,000 cubic feet per hour through the same 
heater, what will be the resulting temperature with all other con- 
ditions the same ? 

Ans. 85.5°. 

6. A fan running at 150 revolutions produces a pressure 
of ^ ounce. If the speed is increased to 210 revolutions, what 
will be the resulting pressure ? 

6. A certain fan is delivering 12,000 cubic feet of air per 
minute, at a speed of 200 revolutions. It is desired to increase 
the aniouut to 18,000 cubic feet. What will be the speeds 
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1. Under what conditions is a spring of water available for 
house supply? 

2. What methods are adopted of supplementing municipal 
service in case of insufiicient pressure? 

3. What are the essential requirements of a good laundrj^ tray? 

4. What do you consider the poor<»st types of water-closets? 

5. WTiat are the general methods of supplying buildings with 
water? 

6. How far should the bottom of a cistern be below the cylinder 
of an ordinary house suction pump? 

7. How is siphonic eduction eflFected in the case of range closets? 
Illustrate by diagram. 

8. Describe the part played by lead in modem plumbing. 

9. Wliat is a pneumatic siphon closet? Give diagram. 

10. How can an open-trough range closet be satisfactorily ven- 
tilated? 

11. How can supply to tanks be automatically regulated? 

12. Wlien is a hydraulic ram available for house supply? 

13. Describe the various kinds of bathtub supply and waste 
fittings. 

14. WTiat are the advantages or disadvantages of the combined 
hopper and trap and the wash-out types of closets? Illustrate by free- 
hand sketches. 

15. Classify bathtubs (1) according to material; (2) according to 
shape. Illustrate the shapes by freehand sketches. Discuss the relative 
merits of the different classes of bathtubs. 
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REVIEW QUESTIONS 

ON THB SUBJE^OfT OF 

PLUMBING. 

PART II. 



1. Describe the essential features of a stove or range connection 
of a reservoir. 

2. Explain the principle of the Bunsen burner. What applica- 
tion does it have in connection with lighting by gas? 

3. How many square feet of heating surface will be needed in a 
submerged brass coil filled with steam at 7 pounds' pressure, to raise 
the temperature of 125 gallons of water per hour from 40 degrees to 
200 degrees? 

4. What is the cause of rumbling in a reservoir? 

5. WTiat is the object of the siphon hole in the delivery pipe in 
a reservoir? 

6. Describe the different classes of filters? 

7. Draw a diagram showing connections of hot-water reservoir 
(1) to a single water-back; (2) to two water-backs on different floors. 

8. Explain the function of the air-chamber in a force pump. 

9. A house usually settles after being built. If rigid iron service 
pipes are used, how can the effects of settling be avoided? 

10. How are service pipes protected from frost? 

11. How many square feet of grate surface will be needed to raise 
150 gallons of water per hour from 45 degrees to one of 160 degrees? 

12. What rules should be observed in making bends in pipes? 

13. WTiat are the salient features of the direct system of supply? 

14. Explain the working of a common suction pump. Illustrate 
by diagram. 

15. Name and describe five kinds of gas burners for lighting 
purposes. 

10. When is a lift pump necessary? How does it differ from an 
ordinary suction pump? 

17. In case of temporary stoppage of supply, what precautions 
should \ye taken? 
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RKVIEW QUKSTIONS 

ox THB SUBJBOfT OV* 

PLUMBINO. 

PART III. 



1. Describe two types of mechanical-seal traps. 

2. Draw rough sketches showing how ventilating loop can 
be secured (1) when crown vent stack and waste stack stand close 
together; (2) when these stacks are a considerable distance apart; 
(3) when neither stack stands near the fixture. 

3. Under what conditions would you recommend the use of 
anti-siphon traps in solving the problem of ventilation? 

4. What is meant by the "loop" plan in installation of waste 
and vent stacks? 

5. How are joints made between wrought-iron and cast-iron 
soil-pipe? 

6. Explain the principle of the anti-siphon trap. 

7. What considerations determine the size of soil and waste 
pipes? What would you consider proper sizes for a single dwelling 
with two closets (1 in basement and 1 on second floor), and with 1 
bath, 1 sink, 1 lavatory, and 2 laundry trays? 

8. When stacks lead through roof to open air, how is closure 
of their ends by hoar frost prevented? 

9. When fixtures are scattered, how can the necessity for 
separate stacks be avoided? 

10. Under what general heads are traps classified? Illustrate 
by diagrams (1) A running trap; (2) "S" trap; (3) "P" trap; (4) 
"f-S" trap; (5) Bag trap; (6) "Pot" trap. 

11. What is meant by local ventilation? Explain by diagram. 

12. How may traps lose their seals? 

13. How can danger of pufiing of soil air from fresh-air inlet 
be avoided? Give sketch. 
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In this index the Volume number appears in Roman numerals 
thus I, II, III, IV, etc., and the Page number in Arabic numerals thus 
1, 2, 3, 4, etc. For example, Volume IV, Page 327, is written, IV, 327. 

The page number of each volume will be found at the bottom of the 
page; the numbers at the top refer only to the section. 
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Abutment, deflnition of III. 
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310 


Angle iron, table 
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cover 
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definition of 
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measurement of 
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for ventilation 
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Air ducts, area of 
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Apex loads, computation of 
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Air flues, area of 
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Apparent distortion 
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Air pipes, sizes of. table X. 
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Air valves 
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Allowance for wiring 
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electric arc 
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calculation of 
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mechanism of 


IV. 


297 


mutual induction 


IV. 


242 


open arc 


IV. 


302 


skin effect, calculating 


IV. 


242 


rating of 


IV. 


304 


Alternating-current lines, drop in 


IV. 


244 


rod feed 
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Aich of Titus VIII. 249 

Arch and vault VIII. 165 
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discharging III. 309 
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inverted III. 310 
plain III. 310 
pointed III. 310 
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statute of frauds 
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I. 339 


undisclosed principal 
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waiver 
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Architect's position under building 

contract I. 341 
architect as agent for owner I. 352 
architect as public official I. 359 
architect's duty toward con- 
tractor I. 354 
as regards certificates I. 342 
as regards settlement of dis- 
putes I. 347 
as to inspection I. 348 
as to other powers imder build- 

ing contract I. 350 

contractor's relation to architect I. 354 

discrepancy In plans I. 354 

liability of architect I. 356 

limit of cost I. 355 

relation of architect to owner I. 350 

Architectural design VI. 283 

methods of study VI. 283 

putting ideas on paper VI. 283 

use of tracing paper VI. 284 

Architectural drawing VI. 229-362 

axes in VI, 241 

definitions VI. 240 

elevations VI. 241 

plan VI. 240 

section VI. 240 

design VI. 305 

instnunents and materials VI. 229 

drawing boards VI. 230 

erasers VI. 229 

paper VI. 231 
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scales VI, 232 

set of Instruments VI, 230 

T-squares VI, 231 

tracing cloth VI, 232 

triangles VI. 231 

limiting lines VI. 245 



Note. — For page nvYnberM aee foot o] pages. 



866 



INDEX 





Part Page 




Part Page 


Architectural drawing 






Automatic measures for concrete 






line drawing 


VI. 
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materials 


IV. 
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character of 


VI. 
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Automatic return pipes 


X. 
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colored 


VI, 


240 


Automatic stop 


V. 
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shade 


VI, 
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Axes, importance of in architec- 






measured work 


VI. 


289 


tural drawing 


VI, 


241 


modeling an 


VI. 
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oblique projections 


VI. 


246 


Back plaster 


I, 
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rendering in wash 


VI. 
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Backed, definition of 


III. 


277 


review questions 


VI. 
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Backing 


III. 


316 


Architectural lettering 
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definition of 


Ill, 
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plates 


VI. 225 
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Backing of 
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hip rafters 


II. 
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classical 


VII. 
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valley rafters 


II. 
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definition of 
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Back-pressure valve 


X, 


130 


of the Romans 


VIII. 
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II. 
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Balloon frame 


II. 


49 


definition of 
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X. 


305 


Bankruptcy and Insolvency 


I. 
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III. 
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Armored cable 


IV. 
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Arris, definition of 


III. 


277 


yd. of mortar, table 
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Artificial stones 


III. 
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Base, details of 
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Artificial water line 


IV. 
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Basement plan 
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Asbestos incandescent grate 
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Ashlar backed with rubble 


III. 
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Bath fittings 
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III. 
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Bathroom, design of 
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Asphaltic concrete 


III. 
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Baths of Diocletian. Rome VIIl 
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Aspirating heaters and coils 


IV. 
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Bathtubs 


X. 
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Assembly drawing 


VI, 
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Bats, definition of 


III. 
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Bat's- wing burner 


X. 
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Batter, definition of 
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Battered frames 
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oxygen 
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Beam calculations 


V. 
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VI. 


329 


Beam compasses 


VI. 


29 


Attic base 


Vllii 


85 


Beam formula 
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Attic partitions 
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first 
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Beam plates 
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lateral deflection of V*. 36 

loads on III, 62 
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determination of V. 99 

distribution of V. 100 
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Bearing partitions V. 14 
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table III. 268 
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Boiler trimmings IV, 142 
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Bow pen VI, 24 
Bow pencil VI. 24 
Box culverts III. 325 
Brace bender IX. 286 
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Braces II. 56 
Bracing trusses V. 130 
Brake IX. 2S6 
elevator V. 320 
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areas and vaults 

dampness, protection against 

derrick stones 

footing stones and concrete 

pile foundations 

soil 

walls 

foundation 
party 
rubble 
thickness of 
Clapboarding 

Classic Roman Corinthian order 
Classic Roman Doric order 
Classic Roman Ionic order 

base of 

capital of 

development and use of 

examples of 
Classic Roman letters 
Classical architecture 
Classical mouldings 
aay 



III. 

I. 

V. 



62 
24 
f9 



VIII. 178 
II. 16 



II. 
II. 

X. 



24 
24 
46 



1.^42.297 

V. 356 

V. 304 

VIII. 122 

VI. 59 

IX. 154 



VI. 

VII. 

IV. 

rv. 

II. 

X. 

I. 
I. 
I. 
I. 
I. 
I. 
I. 
I. 
I. 
I. 
I, 
I, 
I. 

VIII. 
VIII. 

vni. 

VIII. 
VIII. 
VIII. 
VIII. 
VI. 

VII. 

VII. 

III. 



59 

20 
150 
240 
177 

61 
105 
112 
113 
111 
108 
107 
106 
106 
110 
106 
110 
112 

54 
223 
199 
213 
214 
217 
213 
219 
205 
254 
253 
252 



Note* — For page numbers see foot of pcigee. 



871 



8 



INDEX 





- Part Page 






Part Page 


Clay puddle 


III. 


252 


Colored lines 




VI. 


240 


aeaning down, definition of 


III. 


279 


Colors 








Cleavage of tinil)er 


II. 


27 


combination of 




VI. 


278 


Clevis nuts 


V 


193 


primary, secondary. 


and com- 






Closers, definition of 


III. 


279 


plementary 


VI. 


281 


Closets, design of 


VI. 


312 


tube and pan 




VI. 


274 


Cocks 


I. 


68 


Colosseiun 




VIII. 


204 


Coefficient of elasticity 


III. 


123 


Columbian system of 


fireproof 






table 


III. 


123 




floors 


V. 


79 


Coefficient of linear expansion 


III. 


125 


Colunrm 




VIII. 


35 


Coefficients for deflection, etc.. 


table V, 


35 


cast-iron 




V, 


127 


Colander, pattern for 


IX. 


46 


classes of 




III. 


98 


Cold-air box 


X. 


47 


concrete and steel 




V. 


128 


Cold-air ducts 


X. 


94 


cross-sections of 




III. 


98 


Collar beam 


II. 


92 


definition of 




VII. 


250 


Colonial colors 


I. 


96 


design of 


II. 14; IV. 


171 


Colonic^ house 


VI. 


319 


effect of eccentric loadings of 


IV. 


120 


china closet 


VI, 


345 


fixed ends 




III. 


97 


conditions 


VI. 


319 


flat ends 




III. 


97 


fjraming plans 






Greek Corinthian 




VIII. 


45 


attic 


VI. 


335 


Greek Ionic 




VIII. 


45 


first-floor 


VI. 


335 


hinge ends 




lU. 


97 


roof 


VI. 


341 


interior 




V, 


14 


second-floor 


VI. 


335 


live-load reduction on 


V. 


56 


front elevation 


VI. 


329 


methods of reinforcement 


IV. 


116 


detail of 


VI. 


333 


pin ends 




III. 


97 


framing of 


VI. 


341 


position of in steel frame 


V. 


60 


front entrance 


VI. 


353 


practical considerations 


V. 


127 


kitchen 


VI. 


345 


problems in 




V. 


128 


main cornice and djormer 


VI. 


345 


Roman 




VIII. 


188 


pantry 


VI. 


345 


square ends 




III. 


97 


plans 


VI. 


320 


strength of 




III. 


97 


attic 


VI. 


329 


Column bases 




V. 


141 


basement 


VI. 


324 


Column capacity 








first-floor 


VI. 


324 


diagrams of 




V. 


124 


roof 


VI. 


329 


table 




V. 


126 


second-floor 
plumbing 
porch 
side elevation 

framing of 


VI. 
VI. 
VI. 
VI, 
VI. 


326 
345 
353 
329 
341 


Column caps 
Column coverings 
Cohimn details 

• 

base 

cap 

Illustrations of 


• 


V. 
V. 
V. 
V. 

V. 
V. 


134 
94 
236 
236 
237 
238 


sketches 


VI. 


319 


shaft 




V. 


238 


useful memoranda 


VI, 


320 


Column entasis 


VII. 251; 


VIII. 


48 


window frames 


VI. 


347 


Column formula 




III. 


113 


Colonnade, definition of 


VII. 


321 


broken straight line 




Ill 


113 



Note. — For page number $ tee foot of paget. 



372 



INDEX 



Part Page 



Part Page 



Ooliinm formula 






Concrete 






combination 


III. 


106 


asphaltic 


III. 


251 


Gordon's 


V. 


121 


bonding old and new 


IV, 


44 


graphical representation of 


III. 


105 


cinders for 


IV. 


27 


Parabola-Euler 


III. 


no 


depositing of 


IV. 


43 


Rankine's 


III. 


100 


depositing of. under water 


III. 


250 


straight-line 


III. 


106 


effects of freezing 


IV. 


45 


Column loads, kinds of 


III. 


100 


finish of 


IV. 


46 


Column splices 


V. 


136 


forms for 


IV. 


52 


Combustion chamber of furnace 


X. 


42 


gravel for 


IV. 


26 


Common rafters 


II. 


98 


laying of 


III. 


249 


Compasses 


VI. 


20 


mixing III. 248 


; IV. 


30 


Comi)osite order VII. 318; VIII 


.189, 


249 


by hand 


IV. 


32 


Arch of Titus 


VIII, 


249 


by machinery 


IV. 


33 


Baths of Diocletian ^ 


VIII. 


255 


proportions of III. 247 


; IV. 


27 


Composition of concurrent forces 


Ill, 


141 


ramming of 


IV. 


44 


algebraic 


III. 


144 


sand for 


IV. 


24 


graphical 


III. 


141 


strength of 


III. 


247 


Composition in lettering 


VI, 


193 


transporting of 


rv. 


43 


Composition of nonconcurrent 






water-tightness of 


IV. 


50 


forces, graphical 


III. 


183 


weight of 


m. 


247 


Composition roofing 


I. 


148 


wetness of 


IV. 


41 


Compression 






dry 


IV. 


41 


materials in 


III. 


23 


medium 


IV. 


42 


brick 


III. 


25 


very wet 


rv. 


42 


cast iron 


III. 


25 


Concrete in compression 


IV. 


61 


steel 


III. 


24 


economy of 


IV. 


61 


stone 


Ill, 


25 


elasticity of 


rv. 


63 


timber 


III, 


24 


Concrete . materials, automatic 






wrought iron 


III. 


24 


measures for 


IV. 


40 


splices for 


II. 


43 


Concrete mixers 


IV. 


34 


Compression and flexure 


III. 


93 


batch 


IV. 


34 


Compressive forces 






continuous 


rv. 


34 


center of gravity of 


IV. 


69 


types of 


rv 


35 


summation of 


IV. 


67 


gravity 


IV. 


35 


Compressive strength of riveted 






paddle 


IV. 


37 


plates 


III. 


132 


rotary 


IV. 


36 


Compressive stress 


III. 


12 


Concrete-steel arches 


V. 


74 


Computation of strength of joint 


III. 


132 


Concrete with steel beams 


III. 


262 


Computing radiation IV 


.162. 


195 


caissons 


III. 


265 


direct IV 


.162. 


195 


cribs 


III. 


264 


indirect IV 


.164. 


195 


freezing process 


III. 


266 


Concealed knob and tube wiring 


IV. 


213 


hollow cylinders 


HI. 


263 


Concentric circles, drawing 


VII. 


34 


sheet piles 


III. 


264 


Concord, temple of 


V'lII. 


43 


Concrete and steel columns 


V. 


128 


Concrete III. 247; 


IV. 


24 


Concrete-steel masonry 


m. 


329 



NoU* — For page numbera aee foot of page. 



373 



10 



INDEX 



Concrel-e walls 
Concreting of cellar 
ConcuTPeni forces 

in equilibrium 
Conductors. calculation of sizes of 
Oonductors in fibrous conduit, sizes 

of. table 
Gone 

definition of 

development of 

drawing the 
Conic sections 
Conical boss 
Conifers 

cedar 

cypress 

hemlock 

pines 

spruce 
Connections, standard forms of steel 
Connections and details of framing 
Contracts 

assignability of 

avoidance of 

breach of 

conditions 

construction of 

express 

formal 

government 

implied in law 

law of 

letting of 

modification of 

reforming 
Contracts and specifications 

materials, studies in 

outline of work 

province of 

contractcn: 

owner 

specification wi iter 

requirements, general 

use of words 
Conventional signs in shop drawings 
Cooper- Hewitt lamps, lighting data 

for, table 



Part Page 
V. 14 



I. 
III. 
III. 
IV. 



59 
140 
151 
225 



IV. 215 



VI. 

IX. 

VII. 

VI. 

IX. 

II. 12. 

II. 

II. 

II. 

II. 

II. 

V. 

V. 

I. 

I. 

I. 

U 

I. 

I. 

I, 

I. 



63 

19 

32 

65 

87 

20 

20 

21 

21 

21 

21 

147 

134 

315 

326 

327 

328 

324 

325 

316 

251 



I. 



264-271 
I. 316 



I. 

VI. 

I, 

I. 



315 
317 
329 
327 



I. 207-313 
I. 214 





212 




207 




210 




209 




211 




225 




225 


V. 


202 



Coping, definition of 
Copper roofing 
Coppersmith's problems 

brewiiig kettle 

curved elbows 

sphere 
Corbell, definition of 
Corinthian capital 

examples of 

rules for making 
Corinthian intercolumniation 
Corinthian order VII. 301: ' 

comparison of three examples 

of VIIL 

comparison of early and late 
examples of 

general type of 

origin of 

Vignola's 
Corinthian pilasters 
Comer beads 
Comte' posts 
Cornice I. 298; VIII. 35. 66; 

construction of 



PartPacpe 


III. 


279 


I. 


146 


IX. 


177 


IX, 


187 


IX, 


185 


IX, 


177 


in. 


280 


vin. 


117 


viu. 


117 


VIII. 


152 


I. 35. 


115 



IV. 333 



definition of III, 280; 

fastening of 
patterns for 
shop tools for 
brace bender 
brake 

crimping machine 
draw-bench 
pimching machine 
slitting shears 
squaring shears 
Corona 

Corrosion of steel 
Corrugated iron 
Corrugated roofing 

laying of 
Corrugated sheets, measurements 

of. table 
Corrugated siding 

laying of 
Counterbalancing 



235 



VIII. 240 

VIII. 133 

VIII. 116 

VUI. 240 

VIII. 161 

I. 55 

U. 52 

IX. 279 

IX 279 

IX, 279 

IX. 284 

IX, 286 

IX. 286 

IX. 286 

IX. 286 

IX. 286 

IX. 286 

IX. 286 

IX. 286 

IX. 286 

VIII. 66.70 

V. 94 

V. 23 

IX. 262 

IX. 265 



IX. 

IX. 

IX. 

V. 



264 
262 
270 
358 



Note. — For paje number a «ee foot of pag§9. 



874 



INDEX 



11 



VIII. 7 



Counterfort, definition of 
Ck>uple 

Oourso. definition of 
Cove moulding 
Cover angles 
Cover plates 
Cramps, definition of 
* Crimping machine 
Crippling of web 
Crosshatching 
Crown, definition of 
Crown-mould 
Crowning 
Crystal plate glass 
Cubical contents, definition of 
Culverts 
Curtain walls 
Curved elbows 
Curved hip rafters 
Curves in perspective 
Cut-out panel 
Cut stone, finishing faces of 

axed 

bush hammered 

crandalled 

fine pointed 

patent hanmiered 

rough pointed 

tooth axed 
Cutwater or starling, definition of 
Qydoid 

C>'^linder and octagonal prism, in- 
tersection of 
Cylinders 

definition of 

development of 

drawing 

intersection of 
Cylindrical vault 
Cyma 

Cyma moulding 
Cyma reverse moulding 



Part Page 

III. 280 

III. 188 

111, 280 

0; IX. 289 

V. 21 

III. 130 

III. 280 

IX. 286 

V. 267 

VII. 44 

III. 311 
IX. 280 

II, 81 

I. 102 

II. 234 

III. 325 

V. 12 

IX. 185 

II. 110 

VII, 147 

IV. 267 
III. 290 
III. 291 
III. 292 
IIL 290 
III. 290 
III. 291 
III. 290 
III. 291 
III. 281 
VI, 67 

IX. 65 



Part Page 
Dampers, indirect steam heating X. 87 

Dates and column dimensions of 

Greek Doric temples VIII 



VI. 

IX. 14, 

VII. 

IX. 



63 
71 
30 
69 



II. 147 

VIII. 69 

VIII. 70 

IX, 289 

II. 21 



Damper regulators 



X. 136 



Datum lines 
Dead-load stress ' 
Decorated Ionic capital 
Deflection 

of beams 

lateral 

vertical 
Deformation 

Hooke's law of 

non-elastic 
Denticular order 
Dentil course 

Depth of keystone for semicircular 

arches, table 
Derivation of Doric order from 
wooden construction 

Design 

practical problems in 

theory of 

composition 
criticism 
om&ment 
scale 
Design of coliunns 
Design of dwelling 

bathroom 

butler's pantry 

cellar 

closets 

dining room 

hallway 

kitchen 

lavatory 

living rooms 

refrigerator 

sitting room 

stairways 

storeroom 
Design of timber beams 
Designing of buildings 
DetaU 

effect of changes in 

illustrations of 



VI 

III 

VIII 

V 

III 

V 

V 

III 

III 

III 

VII 

IX 

III 

VIII 

VI 
VI 
VI 
VI 
VI 
VI 
III 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 

III 

VII 



V. 
V 



53 

289 

203 

98 

33 

126 

29 

29 

14 

17 

129 

262 

280 

313 

53 

305 
305 
305 
308 
308 
306 
114 
309 
312 
311 
312 
312 
311 
309 
311 
312 
310 
311 
310 
310 
312 
88 
247 

152 
213 



SoU. — Far page number a see foot of paget* 



375 



12 



INDEX 





Part Page 




Psrt Page 


Detail 






Direct steam heating 






use of in work 


V. 


152 


circulation coils 


X. 


61 


Detail drawings, definition of 


IX. 


283 


pipe radiators 


X. 


61 


Detail shop drawings, use of 


V. 


146 


Direct water supply 


X. 


274 


Determination of loads of trusses 


V. 


132 


Direct-indirect radiators 


X 


17 


Determination of reactions on beams III. 


29 


Disposition of triglyphs in the friezeVIII. 


65 


Development 






Distinction between different planes VI. 


274 


of cone 


VI. 


118 


Distortion, apparent 


VII. 


152 


of cylinder 


VI. 


120 


Distributing valves 


V. 


315 


of prism 


VI. 


117 


Ditriglyphic intercolumniation 


VIII. 


147 


of scalene cone 


IX. 


77 


Dividers 


VI. 


23 


Development of parallel forms 


IX. 


12 


Dog-legged stairs 


II. 


177 


measuring lines 


IX. 


13 


Domes 


II. 


141 


plan 


IX. 


12 


Door frames and doors 


I. 


302 


profile 


IX. 


13 


Doorways. Roman 


VIII. 


258 


stretchout line 


IX. 


13 


Doric entablature, origin of 


VIII. 


55 


Developments 






Doric intercolumniation 


VIII. 


147 


approximate 


IX. 


82 


Doric order VII. 262; 


VIII. 35. 45 


by triangulation 


IX. 


76 


changes in proportions of 


VIII. 


48 


Diagonals, stress in 


V. 


304 


derivation of 


VIII. 


53 


Diagrams 






differences in examples of 


VIII. 


46 


moment 


III. 


46 


forms of 


VIII. 


212 


stress 


III. 


168 


soffit of 


VII. 


273 


Diameter, definition of 


VI. 


59 


Doric pilasters 


VIII. 


155 


Diameter of fire pot for furnace. 






Dormer windows 


II, 


96 


table 


X. 


44 


Double-acting lift and force pumps 


X, 


264 


Diameter of Roman column 


VIII. 


42 


Double cock and connected waste and 




Diana Propylsa. temple 


VIII. 


12 


overflow 


X. 


213 


Difference between Greek and 






Double-pitch skyUght 


IX. 


222 


Roman order 


VIII. 


223 


Double-riveted joint 


III. 


130 


Differential lamp mechanism 


IV. 


300 


Double tenon joint 


II. 


42 


Dimensions for box culverts, table 


III. 


326 


Dowels, definition of 


Ill, 


281 


Dimensions of heaters table 


X. 


155 


Drainage of arch bridges 


III. 


317 


Dining room, design of 


VI. 


311 


Drainage system 


X. 


313 


Direct hot-water heating 


X. 18. 


109 , 


local ventilation 


X. 


332 


expansion tank 


X. 


112 


Draining mains and risers 


IV, 


153 


fittings 


X. 


119 


pipe sizes for IV. 155, 


157 


overhead distribution 


X. 


114 


Drains 


I. 


24 


pipe connections 


X. 


114 


Draw-bench 


IX. 


286 


pipe sizes 


X. 


119 


Drawing 






piping for 


X. 


111 


circles 


VII. 


20 


radiating surface, types of 


X. 


109 


definition of 


VII. 


11 


radiators, efficiency of 


X. 


111 


ellipses 


VII. 


20 


valves 


X. 


118 


freehand 


VII. 


11 


Direct steam heating 


X. 14. 


60 


freehand perspective 


VII. 


22 


cast-iron radiators 


X. 


60 


holding the pencil 


VII. 


18 



Note. — For page number t see foot of pages. 



376 



INDEX 



13 



Part Page 



OrawiDg 








learning to see 




VII. 


14 


light and shade 


VII. 15. 


40 


form drawing 




VII. 


40 


value drawing 




VII. 


40 


materials for 




VII. 


16 


objects, general directions for 


VII. 


36 


outline 




VII. 


14 


perspective 




VI. 


285 


position of draftsman 




VII. 


19 


restraint in 




VII. 


13 


straight lines 




VII, 


19 


testing by measurement 




VII. 


37 


testing with the slate 




VII. 


23 


traces on the slate 




VII. 


22 


what to look for 




VII, 


14 


Drawing ix)ard 




VI. 


13 


Drawing paper VI, 


U 


: VII. 


18 


Drawing pen 




VI. 


24 


Drawing pencils 




VII. 


16 


Drawings 








exhibition 




VI. 


286 


uniform titles for 




VI. 


353 


Drawings and specifications, inter- 






pretation 


of 


V. 


146 


Drift pins 




V. 


192 


Drinking fountain 




X. 


220 


Drip pan. pattern for 




IX. 


31 


Drips 




IX. 


280 


Drop in alternating-current lines 


IV. 


244 


calculation of 




IV. 


244 


table 




IV, 


247 


Dry rot 




II, 


15 


Dry stone walls, definition of 




III. 


281 


Dry wells 




I. 


26 


Ducts and flues 




IV. 


196 


areas of 


IV 


. 165. 


196 


flue velocities 




IV. 


197 


Dwarf walls 




II. 


92 


Early Roman Doric order 




VIII. 


193 


Eccentric dogs 




V. 


353 


Ecliinus 




VIII. 


61 


Echinus moulding VIll 


:. 7( 


):IX. 


289 


Economical depth of web 




V. 


266 





Part Page 


Edged plates 


V. 


21 


EfTec^t of changes in detail 


V. 


152 


Efficiency of 'umace 


X, 


43 


EfTiciency of globe combinations 


IV. 


340 


Efficiency of Joint 


III. 


134 


Efflorescence 


III. 


302 


of lime and cement 


I. 


127 


Egg-and-dart moulding 


VIII. 


79 


Elastic limit 


Ill, 


15 


Elasticity 


III. 


U 


Elbows 


IX. 104-120 


three-pieced 


IX. 


194 


Electric arc 


IV. 


296 


Electric bell 






outfit 


IV. 


276 


batteries 


IV. 


277 


bell 


IV. 


278 


bell push 


rv. 


277 


dry batteries 


IV. 


278 


wire for 


IV. 


273 


Electric bell wiring 


IV. 273 


-282 


circuits 


IV. 


279 


Joints 


IV. 


275 


methods of 


iV. 


274 


Electric elevators 


V. 


339 


Electric heat and energy 


X. 


174 


Electric heaters 


X. 


1-75 


connect ions for 


X. 


176 


construction of 


X. 


175 


Electric heating 


X. 


174 


cost of 


X. 


177 


Electric lighting 


IV. 285 


-350 


classification 


IV, 


286 


history and development 


IV. 


285 


Electric limit switches 


V. 


349 


Electric motors 


X. 


164 


Electric piping 


I. 


201 


Electric wiring I. 49. 227; IV. 201 


-272 


Electric wiring equipment, testing of IV, 


236 


galvanometer 


IV. 


237 


magneto 


IV. 


237 


voltmeter 


IV. 


237 


Electricity for heating 


X. 


24 


Elevation measurements 


VI. 


290 


Elevations 


VI. 


320 


definition of VI, 


241 : IX. 


282 



Note. — For page numberB sec foot of paget. 



377 



14 



INDEX 





Part Page 




Part 


Page 


ElevatioDj 






End construction of t«rra cotta 






front 


VI. 


239 


arches 


V 


71 


rendering 


VI. 


269 


Engineer's relation to architect 


V. 


144 


side 


VI. 


329 


Englisli candle 


IV. 


341 


KK»vators 


V, 315 


-364 


Entablature VIII. 35, 


62 


accessories 


V. 


352 


divisions of 


Vlll. 


33 


air cushions 


V. 


363 


architrave 


VIII. 


35 


automatic stop 


V. 


321 


cornice 


VIII. 


35 


brakes for 


V. 


320 


epistyle 


VIII. 


35 


- cables 


V, 


360 


frieze 


VIII. 


35 


chisel dogs 


V. 


356 


Roman 


VIII. 


188 


counterbalancing 


V. 


358 


Entasis 


VIII. 


82 


distributing valves 


V. 


315 


ofcolunm VII. 251 


:VIII. 


36 


eccentric dogs 


V. 


353 


of Greek column 


VIII. 


143 


electric 


V. 


339 


of Roman column 


VIII. 


263 


Fraser 


V. 


351 


Epicycloid 


VI, 


68 


guide-ways 


V. 


352 


Epistyle 


VIII. 


35 


horizontal hydraulic 


V. 


324 


Equal radii of gyration 


V. 


47 


limit switches 


V. 


349 


Equilibrant of forces 


III. 


141 


limit valves 


V. 


337 


Eqtdlibrium 


III. 


151 


lubrication of cy lindens 


V. 


335 


algel)raic conditions of 


Ill, 


154 


packing 


V, 


334 


concurrent forces in 


III. 


151 


pilot valve 


V. 


329 


graphical condition of 


III. 


151 


piston packing 


V. 


334 


Erasers 


VI. 


14 


plunger 


V. 


332 


Erechtheum 


VIII. 


107 


Pratt-Sprague 


V. 


350 


Erechthe\]m doorway 


VIII. 


139 


safety governors 


V. 


354 


Estimate of residence at Ridgedale 






steam 


V. 


315 


Mo. 


II. 


292 


two-way valve 


V. 


328 


brickwork 


II. 


297 


vertical hydraulic 


V. 


329 


carpenter work 


II. 


303 


water balance 


V. 


323 


cesspools 


II. 


297 


worm gearing 


V. 


323 


concreting 


II. 


301 


EUipse 






drains 


II. 


297 


actual size of 


VI. 


115 


dry wells 


II, 


297 


definition of 


VI. 


C5 


electric lighting fixtures 


II. 


326 








electric wiring 


II. 


324 


drawing of 


VII, 


20 














excavation 


II. 


292 


Elliptical stairs 


11. 


177 


general summary 


II. 


328 


Elm 


II. 


24 


hardware 


II. 


314 


Enclosed arcs, data 


IV. 


304 


heating 


II. 


321 


Enclosing walls 


V, 


11 


miscellaneous 


II. 


308 


concrete 


V. 


14 


painting 


n. 


327 


curtain 


V, 


12 


plastering 


II, 


301 


load-bearing 


V. 


11 


plumbing 


II. 


323 


metal 


V. 


13 


scliedules 


II. 


330 


self-supporting 


V. 


12 


stairs 


II. 


312 


Note. — For vaoe numbers see U 


*ot of pages. 











378 



INDEX 



15 





Part Page 




Part Page 


Estimate of residence at Ridgedale. 




Express contracts 








Mo. 




consent 


I. 


320 


stonework 


II, 


204 


consideration 


I. 


322 


Estimating 


II. 229-338 


legality of contract 


I. 


31? 


approximate 


II. 


231 


parties 


I. 


319 


brickwork 


II. 


247 


Exterior plastering 


I. 


58 


carpentry 


II. 


252 


Extrados. definition of 


III. 


311 


electric work 


II. 


285 


Eye bars 


V. 


194 


excavation 


II. 


285 


Eye and camera 


VII. 


12 


gas fitting 


II. 


285 








hardware 


II. 


267 


Face, definition of 


III. 


281 


heating 


II, 


278 


Face-mould, how to put the 


curves on II. 


220 


items to be considered 


II. 22 


19-231 


Factor of safety 


Ill, 18; V. 


67 


painting 


II. 


276 


table 


III. 


20 


piazzas and porches 


H. 


265 


Fan capacity 


X. 


161 


plastering 


II, 


273 


table 


X. 


163 


plumbing 


II. 


282 


Fan engines 


X. 


163 


by Quantities 


II. 


233 


Fascia moulding 


VIII. 


69 


roofing 


II. 


270 


Faucets, basin 


X. 


227 


rules 


II. 


235 


Fiber stresses 


III. 33. 


67 


by the square 


II. 


232 


Fibrous tubing 


IV. 


215 


stairs 


II. 


262 


Fillet moulding 


VIII. 

* 


69 


stone work 


II. 


243 


Filters 


X. 


294 


tables 


II. 


286 


Fink truss, analysis of 


II. 134; III. 


202 


wages 


II. 


241 


Fire-brick 


III. 


224 


Estimating cost of steel work 


V. 


150 


Fireplace 






Evergreens 


II. 


20 


building of 


I. 


59 


Excavation 


I. 


293 


details of 


VI. 


355 


cellar floor 


I. 


296 


Fire pot 


X. 


41 


cement coating 


I. 


296 


Fireproof building 


I. 


173 


cesspool 


I. 


296 


caissons 


I, 


180 


drain pipe 


I. 


296 


cantilever foundations 


I. 


180 


estimating 


II. 


242 


cement coating 


I. 


183 


site, preparation of 


I. 


294 


columns 


I. 


•l76 


walls 


I. 


295 


painting of 


I. 


183 


Exhaust fans, table 


X. 


173 


protection of 


I. 


193 


Exhaust head 


X. 


132 


completion 


I. 

< 


204 


Exhaust-steam heating IV. 


166; X. 20. 


126 


concrete floors 


I. 


186 


Exhaust ventilation 


X. 


171 


end-method arch 


I. 


185 


Exhibition drawings 


VI. 


286 


exterior walls 


I. 


190 




IV. 


159 


flreprooflng 


I. 


193 


amount of 


IV. 


159 


floor construction 


I. 


183 


provision for 


IV. 


160 


floor tiles, setting 


I. 


185 


of risers 


IV. 


160 


girders 


I. 


181 


Exposure factors, table 


X, 


34 


connections of 


I. 


182 


Express contracts 


I. 


316 


protection of 


I. 


194 



NoU, — fcr pftoe number9 tee foot of poget. 



879 



16 



INDEX 





Part Page 




Part Page 


Fireproof building 






Flange splices 


V. 


278 


grillage 




178 


Flanges, proportioning 


V. 


264 


hard plaster 




197 


Flanges and web. functions of 


V. 


263 


heating system 




202 


Flashing 


I. 147| IV. 


288 


height of 




174 


Flashings 


X, 


321 


interior finish I. 


109, 


203 


Flat arches « 


III. 


317 


Keene's cement 




198 


Fiat ends column 


Ill, 


97 


lavatory fittings 




203 


Flat extension skylight 


IX. 


222 


• metallath partitions 




195 


Flat-seam roofing 


IX. 


247 


met«l lathing 




196 


covering conical tower 


IX, 


254 


painting 




203 


table 


IX, 


239 


partition blocks 




194 


FlexibiUty of timber 


n. 


27 


partitions 




194 


Flexural stress 


III. 


91 


pipes and conduits 




200 


Flexure and compression 


III. 


93 


preliminary work 




174 


Flexure and tension 


III. 


91 


riveting, inspection of 




182 


Flitch-plate girder 


II. 


128 


roof and ceilings 




190 


Floor arches 


V. 16. 


70 


scagliola 




198 


concrete-steel 


V. 


74 


side-method arch 




184 


terracotta 


V. 


70 


site 




174 


tests of 


V. 


83 


stairs 




199 


Floor beams 


V. 


16 


steel and iron members, inspec- 






Floor girders* 


II. 69; v.- 


16 


tion of 




192 


Floor Joints 


X. 


342 


structure 




176 


Floor joists 


II. 


74 


terra-cotta covering 




192 


Floors 


I. 93;V. 


16 
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stacks 


X. 


86 


vent flues 


X. 


05 


warm-air flues 


X, 


03 


Ingredients in one cu. yd. concrete. 






table 


IV. 


31 


Ink. India 


VI. 


26 


Inking the drawing 


VI, 


258 


Inscription lettering 


VI. 


203 


Inskie flnish 


1, 

• 


81 


architraves 


A. 


81 


doors 


*t 


88 


custom-made 


*. 


88 


hardware of 


'', 


80 


floor boards, matching 


1, 


04 


floor paper 


A. 


04 


floors 


*. 


03 


hardware, inspection of 


Jit 


02 


locks 


I. 


00 
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Inside finish 






Intersected cylinder, development of IX, 


16 


stairs 


I. 


84 


Intersection and development 


Vt 


111 


windows 


I. 


86 


Intrados. definition of 


III. 


311 


Instruments and materials. Arch. D. VI, 


229 


Intrinsic brilliancies in candle-power 




drawing boards 


VI. 


230 


per sq. in.. 


table iV. 


322 


erasers 


VI. 


229 


Invert, definition of 


III. 


311 


papers 


VI. 


231 


Involute 


VI. 


68 


tinted 


VI, 


231 


Ionic base 


VIII. 


85 


tracing 


VI. 


232 


Ionic capital 


VIII. 


89 


pencils 


VI. 


229 


abacus of 


VII. 


280 


scales 


VI. 


232 


Ionic and Doric orders, essential 




set of instruments 


VI. 


230 


dUTerences between VIII. 


79 


T-squares 
tracing cloth 


VI. 


231 


Jimir. Int4irc>lumviiatl<^n 


VIII. 


151 


VI. 


*232 


Ionic order VU 


.280; VIII. 


35 


triangles 


VI. 


231 


description of 


VIII. 


81 


Instruments and materials, Mech. D. VI. 


11 


examples of 


VUI. 81. 


111 


beam compasses 


VI. 


29 


height of shaft in 


VIII. 


82 


bow pen 


VI. 


24 


origin of 


VIII. 


79 


bow pencil 


VI 


24 


Ionic pilasters 


VIII, 


158 


compasses 


VI. 


20 


Iron, weight of sq. ft. of. table 


s IX, 


122 


dividers 


VI. 


23 


Iron piping 


I. 


61 


drawing board 


VI. 


13 


Irregular curve 


VI. 


28 


drawing paper 


VI. 


11 


Isometric projection 


VI. 


129 


drawing pen 


VI. 


24 


Isometrical drawing 


VI. 


129 


erasers 


VI, 


14 


Italian Renaissance letters 


VI. 


178 


ink 


VI. 


26 








irregular curve 


VI. 


28 


Jack rafters 


II, 


111 


pencils 


VI. 


14 


Jamb, definition of 


ni. 


283 


protractor 


VI. 


27 


Jet-siphon closet 


X. 


241 


scales 


VI. 


27 


Joint 


II. 36; III. 


130 


T-square 


VI. 


15 


computation of the strength of III. 


132 


thumb tacks 


VI. 


13 


definition of 


Ill, 


282 


triangles 


VI. 


17 


efficiency of 


III. 


134 


Insulators, wires run exposed on 


IV. 


216 


forces at 


III. 


161 


Intercolunmiation 


VII. 


321 


frictional strength of 


Uh 


131 


Corinthian 


VIII. 


152 


kinds of 


lU. 


130 


ditriglyphic 


VIII. 


147. 


bridge 


II. 


38 


Doric 


VIII. 


147 


butt 


II. 37; III. 


^30 


Greek 


VIII. 


147 


double-riveted 


III. 


130 


Ionic 


VIII. 


151 


double tenon 


II. 


42 


monotriglyphlc 


VIII. 


147 


gained 


II. 


39 


Interior colunms 


V. 


14 


halved 


11, 


42 


Interior finish 


I. 


304 


lap 


III. 


130 


Intermediate studding 


II. 


60 


mortise-and-tenon 


II. 


38 


Interpretation of drawings and 






riveted 


III. 


130 


specifications 


V. 


145 


single-riveted 


in. 


130 
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Joint 






kincU of 






ienon-and-tusk 


II. 


40 


strnngth of 


V, 


205 


ultimate effldency of 


III. 


134 


woridng effldency of 


III. 


134 


Joggle, definition of 


III. 


283 


Joists 


11. 


74 


connections of 


II, 


77 


Keene's cement 


I. 


198 


Kerflng 


II. 


188 


Keystone, definition of 


III. 


311 


Kind of drawing in rendering 


VIII. 


313 


Kinds of beams 


III. 


91 


Kinds of loads 


III. 


91 


King post truss 


II, 


133 


Kitchen, design of 


VI, 


311 


Kitchen sink 


X, 


233 


Knots in timber 


II. 


17 


l«aring 


V. 


195 


Lag screws 


V. 


192 


Lamps, electric 


IV. 


305 


types of 






amyl acetate 


IV. 


343 


Bremer 


IV. 


313 


caroel 


IV. 


343 


mercury vapor 


IV. 


314 


Nemst 


IV, 


307 


osmium 


IV, 


313 


pentane ' 


IV, 


343 


Lap Joint 


III. 


130 


Lateral area 


VI, 


61 


Lateral deflection 


V. 29. 


36 


Lathing 


I. 


55 


Laundry traps 


X, 


235 


Lavatories 


X. 


221 


design of 


VI. 


*312 


Laws for buildings 


V. 


52 


Laws for specifications 


V. 


52 


Laying out building 


II. 


31 


Laying washes 


VI. 


262 


Lead 


X. 


202 


Lead, weight of sq. ft. of, table 


IX. 


122 


Lead pipes I. 


60: X. 


202 


Leaf-and-dart moulding 


VIII. 


79 



Lean-to roof 

Ledger board 

Legal relations of architect 

Letter forms 

derivation of 

Italian Renaissance 
Lettering 

architectural 

composition 

inscription 

mechanical drawing 

office 

spacing 
Lettering drawings 
Letters 

Albrecht Diirer 

capital 

daasic Roman 

Gothic VI. 

Italian Renaissance 

lower-case 

minuscule 

raised 

Roman 

skeleton 

small 
Liens 
Lift pump 

Light, distribution of 
Light gauge metal problems 

chute, curved rectangular 

flange, tapering 

hopper register 

hot-air pipe 

oblique piping 

pipe connections 

rain-water cut-off 

three-way branch 

two-branch fork 
Light and shade VII. 

color of material 

lighting 

principality of accent 

shadows only 

values 
Light standards 
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II. 87 

II. 54 

I. 815-365 

VI, 178 

VI. 178 

VL 178 

VI. 177 

VI. 193 

VI. 203 

VI, 29 

VI. 177 

VI. 199 

VI. 146 

VI 178 

VI. 32 

VI. 205 

30. 147. 222 

VI. 178 

VI. 32 

VL 200 

VI. 220 

VL 147 

VL ^ 193 

VL^200 

I. 337 

X. 263 

IV. 294 

IX. 147 

IX. 164 

IX, 169 

IX. 157 

IX. 151 

IX. 147 

IX. 160 

IX. 149 

IX. 162 

IX. 166 

40; Vin. 318 

VIIL 321 

VIII. 320 

VIIL 323 

VIII. 322 

Vin. 818 

IV. 341 
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lighting of public halls, offices, etc 
Lighting data for arc lamps, table 
Ume and cement 

brick veneOT 

cleaning down 

color of 

durability of 

efflorescence of 

hydraulic 

protection of 

setting of 

waterproofing of walls by 
Limes 

hydraulic 

poor 



Part 
IV 
JV 



I. 295: III 
III 



III 

rich III 

Limit switches V 

Limit valves V 

Umithig lines VI 

Line capacity IV 

Line drawing VI 

character of VI 

colored VI 

shade VI 

Line shading VI 

Line work 

free lines VllI 

method " VIII 

quality of Ihie VIII 

vertical lines VIII 

Linear dimension . definition of 1 1 

Linear expansion coefficients I II 

definition of VI 

limiting VI 

of measures II 

obUque VII 

partillel VII 

shade VII 

shadows of VII 

straight VII 

Lintels 

definition of III. 283; VII 

size and character of V 

Listels VIII. 61 
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332 
123 
125 
126 

« 

124 
123 
127 
123 
125 
123 
126 
227 
228 
228 
227 
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337 
254 
243 
237 
237 
240 
238 
144 

317 
316 
314 
317 
235 
125 

55 
245 
105 
115 

28 
174 
178 

19 

249 

102 

69 
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Live-load reductkm on 

columns 
• foundations 

girders 
Li ving rooms, design of 
Load-bearing walls 
Loads, kinds of 
Local vent stacks 
LodE 

Lomasnuts 
Loop eye rods 
Lower-case letters 
Lubrication of cylinders 
Lumber for construction and finish 
Lununer-Brodhun photometer 



Magneto 
Main plates 
Mansard roof 

ft*amingoC 
Mantels 
Maple 
Masonry 

dassiflcaticm of 

definitions of terms 

repairs in 
Masonry construction 

arches • 

basement floor 

bridge abutments 

bridge piers 

culverts 

foundations 

kinds of 
ashlar 
brick 

broken ashlar 
' concrete steel 
nibble 
stone 

repair of 

structures 

terms used in 

walls 
Masonry materials 

brick 



V. 
V. 
V. 
VI. 
V. 

in. 62. 

X, 

IX, 
V. 
V. 

VI. 
V. 

I. 
rv. 



56 

56 

56 

310 

II 

91 

335 

280 

193 

193 

32 

335 

222 

345 



rv. 237 
lU. 131 



II. 
II. 
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95 



I. 243 

II. 25 

I. 42 

III, 277 

used in ILL 277-286 

I, 127: in. 302 

I, 237: III. 215-331 

in. 309 

I. 237 

III. 203 

IIL 323 

III. 325 

III. 253 

III. 293 

III. 298 

IIL 295 

III. 329 

III. 295 

in. 296 

in. 302 

III. 303 

in. 277-286 

in. 303 

I. 235 

I. 236 
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Masonry materials 
broken stone 
cement 
cementing 
concrete 
face brick 
granite 
preparation of 
sand 
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I. 235 

I. 235 

111. 225 

I. 237 

I. 239 

I. 236 

III. 286 

I. 235 

setting of granite and soft stone I, 239 • 

soft stone I. 236 

setting terra-cotta I. 240 

structural * III. 215 

terraKX>tta I. 236 

Ifasonry structures III. 303 

Masonry walls II. 63 

Materials and instruments. Mech. D. VI. 1 1 

Materials used in rendering VIII. 314 

Materials under simple stress III. 21 

Matthew's integrating photometer IV, 349 

Maximum shear III. 41 

table III. 63 

Mean spherical candle-power IV. 2G5 

Measure 

pattern for IX. 40 

size of. table IX. 40 

Measure, auxiliary lines of VII. 105 

Measure lines VII, 137: IX. 13 

Measure point VII. 137 

Measured work VI, 289 

approximations VI, 291 

arches VI. 290 

datum lines VI. 289 

elevation measurements VI. 290 

hand level VI. 289 

inaccessible portions VI. 291 

materials VI. 289 

measuring tapes VI. 289 

projections VI. 291 

rubbhigs VI. 291 

Measurement of angles VI, 60 

Measurements, completeness of V. ^6 

-Measuring tapes VI. 289 

Mechanical drawing VI. 11-172 

assembly drawing VI. 158 

blueprinting VI. 157 
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VI. 55 

VI. 66. 

VI. 69 

VI. 63 

VI. 65 

VI. 63 

VI. 55 

VI. 67 

VI. 58 

VI. 62 

VI. 57 

VI. 61 

VI. 64 

VI. 56 

VI. 56 
VI, 69-93 

VI. 11 

VI, 29 

VI. 24 

VI, 24 

VI. 20 

VI. 23 

VI. 13 

VI. 11 

VI. 24 

VI. 14 

VI. 26 

. VI. 28 

VI. 14 

VI. 27 

VI. 27 

VI. 15 

VI. 13 

VI. 17 

intersection and development VI. Ill 

lettering VI. 29. 146 

line shading VI. 144 

plates VI. 33. 69, 160 

projections * • VI, 95 

tracing VI. 154 

Mensuration problems IX. 357 

Mercury vapor lamp IV, 314 

Metal roofing IX, 242 

tools required for IX. 243 

Metal walls V, 13 



Mechanical drawing 

geometrical definitions 

angles 

circles 

cones 

conic sections 

cylinders 

lines 

odontoidal curves 

polygons 

pyramids 

quadrilaterals 

solids 

spheres 

surfaces 

triangles 
geometrical problems 
instruments and materials 

beam compasses 

bow pen 

bow pencil 

compasses 

dividers 

drawing board 

drawing paper 

drawing pen 



ink 

irregular curve 

pencils 

protractor 

scales 

T-square 

thumb tacks 

triangles 



26 



INDEX 



• 


Part: 


Page 






FartPaffB 


Metal work 


I. 


298 


Mouldings 








Metamorphic rocks 


III. 


215 


cavetto 




IX, 


289 


Metope 


VIII. 


66 


classical 




VII. 


253 


MUd-Bteel columns, data for. table III. 107.111 


cove 




IX. 


289 


Mill building columns 


V. 


251 


cyma recta 




IX. 


288 


Mill building construction 


V, 


180 


cyma reversa 




IX, 


289 


special features 


V. 


180 


decoration of 




VIII. 


74 


Mill invoices of steel 


V. 


150 


echinus 


VIII. 


70: IX. 


289 


Minimum thickness of abutments 






egg-and-dart 




VIII. 


79 


for arches, table 


III. 


315 


fascia 


• 


VIII. 


69 


Minuscule letters 


VI. 


200 


fillet 




Vltl. 


69 


Miter, definition of 


IX, 


282 


Greek 




vni. 


• 69 


Miter cutting IX. 290. 


343 


leaf-and-dart 




VIII. 


79 


Modeling an architectural drawing 


VI. 


248 


listel 




VIII. 


69 


shadows at 46 degrees 


VI. 


248 


ogee 


VIII. 


70; IX. 


288 


values 


VI. 


251 


ovolo 




IX. 


289 


Modillion course 


IX. 


280 


Roman 


VIII. 


261: IX, 


288 


Module 


VII. 


257 


Bootia 




VIII. 


70 


Modulus of elasticity of concrete. 






torus . 


VIII 


.69; IX. 


289 


table 


IV. 


71 


woven-band 




VIII. 


74 


Modulus of rupture 


III. 


84 


Moulds for cement 




IV. 


20 


Moment diagrams 


III.. 


46 


Mutual induction 




rv. 


242 


table 


III. 


63 


Mutular order 




VII. 


262 


Moment of a force 


III. 


26 


Mutules 




VIII. 


66 


Moment of inertia 


III. 


56 










of built-up sections 


III. 


59 










reduction formula 


III. 


58 


Nailing surf ace 




II. 


60 


table 


III. 


62 


Natural cement 




III. 


228 


unit of 


III. 


57 


characteristics of 




III. 


228 


Moments, principle of 


III. 


27 


Natural stones, classification of 


III. 


215 


Monoliths 


VIII. 


40 


Natural timber 




II. 


11 


Monotriglyphic intercolumniation 


VIII. 


147 


Neat oementgitrength of. 


table 


IV. 


22 


Mortar I. 295; III. 


241 


Nemstlamp 




IV. 


307 


applying to laths 


I. 


67 


Net section 




III. 


132 


cement 


III. 


243 


Net weight per box tin plates, table IX. 


241 


freezing of 


III. 


245 


Neutral axis, position of 




IV. 


69 


proportions for 


III. 


242 


Neutral axis of a beam 




Ill, 


64 


retempering 


III. 


246 


Neutral line of a beam 




III. 


64 


sand for 


III. 


242 ' 


Neutral surface of a beam 




III. 


64 


uses of 


III. 


241 


Niches 




II. 


146 


water for 


III. 


243 


Nitrogen 




X. 


26 


Mortise-and-tenon Joints 


II. 


38 


Non-concurrent forces 




III. 


140 


Moulding, wires run in 


rv. • 


209 


Non-elastic deformation 


• 


lU. 


129 


Moulding outlines 


VIII. 


35 


Notation for forces 




III. 


139 


Mouldings 


IX. 


288 


Notched strings 




11. 


160 


astragal 


VIII. 


69 


Notching patterns 




IX. 


24 
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Oak 




II. 


25 


Overhead line work 


IV. 


268 


ObUqu6 lines, vanishing points of 


VII. 


115 


poles 


IV. 


269 


Oblique piping 




IX. 


147 


Ovolo moulding 


IX. 


289 


Oblique projection 


VI. 


141. 


246 


Oxygen 


X. 


26 


Obtufw angles 




V. 


21 




• 




Odontoidal curves 




VI, 


67 


Pail, pattern for 


IX. 


25 


OflElce buildings 




VI. 


318 


Paint 




245 


Office lettering 




VI, 


177 


Painting 




95 


Office lighting 




IV. 


330 


colors 




96 


Offsets, data relating to 




X. 


275 


estimating 


11. 


276 


Ogee moulding VIII. 70: IX. 


288 


exterior 




95 


One-man stone, definition of 




Ill, 


283 


filling and finishing 




99 


One-pipe circuit system 




X. 


69 


floor finish 




100 


One-pipe relief system 




X. 


86 


glazing 




101 


One-pipe risers, capacities of, table 


IV. 


156 


inside 




97 


One-point perspective 




VII. 


128 


miscellaneous 




101 


Open-newel stairs 




II. 


184 


preparation of surface for 




99 


Open strings 




II. 


159 


priming 




97 


Order of the Parthenon 




VIII. 


48 


puttying 




95 


Ordering steel materials 




V. 


23 


rubbing down 




100 


Orders VII. 245-391; VIII. 11 


-279 


shellac and varnish 




99 


caryatid 




VIII. 


35 


staining 


I. 96. 


98 


composite VII. 


318; 


VIII. 


189 


tinting 




101 


Corinthian 




VII. 


301 


varnish and shellac 




98 


denticular 




VII. 


262 


Paints used for protection of steel 




95 


Doric VII, 262 


; VIII. 35, 


45 


Pallets, definition of 


III. 


284 


Ionic 




vii. 


280 


Palmette omamrait 


VIII. 


74 


mutular 




VII. 


262 


Panel 


IX, 


280 


Persic 


VIII. 35. 


134 


Panel-mould 


IX. 


281 


Roman VII. 


245; 


VIII. 


188 


Pantheon. Rome VII I. 177. 


232 


Tuscan 




VII. 


258 


Pantry sink 


X. 


233 


Orders for secular buildings, use of 


VIII. 


175 


Paper 


VI. 


231 


Origin of Doric entablature 




VIII, 


55 


tinted 


VI. 


231 


Origin of the entasis of the column 


VIII. 


36 


tracing 


VI. 


232 


Origin of flutings 




VIII. 


36 


Parabola, definition of 


VI. 


66 


Ornament, architectural 




VI. 


308 


Parabola-Euler formulas for col- 






Orthographic projection 




VI. 


95 


umns 


III. 


110 


Osmium lamps 




IV. 


313 


Parallel line developments 


IX. 


14 


Outlet-boxes 




IV 


263 


Parallel lines 


VII. 


28 


Outside finish 




I 


50 


Parallel of the orders 


VIII. 


41 


clapboarding and siding 




I. 


54 


Parallel perspective 


VII. 


128 


porch and piazza 




I, 


53 


Parapet wall 


III. 


283 


shingles 




I, 


50 


Parthenon 


VIII, 


32 


slating 




I, 


52 


order of 


VIII. 


48 


wall shingles ' 




I. 


55 


Partition framing • 


I, 


41 


window fftunes 




I. 


52 


Partitions II. 


62; V. 


90 
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Partitions 

bearing V, 14 

special II« 65 

supports for n> 74 

tests of V. 92 
Patterns 

methods of obtaining IX. 1 2 

notching IX. 24 

transferring IX. 26 

Paul heating system X. 146 

Pedentives II. 143 

Pedestal 

definition of VII, 251 

Roman VIII. 189, 192. 207 

Pediments. Roman VIII. 267 

Pen and ink rendering VIII, 313-346 

Pencil work Vlll. 325 

Pencils VI, 14 

Pentanelamp IV. 343 
Percentage of water for standard 

sand mort^, table IV. 17 

Persic order VIII. 35. 134 
Perspective ' 

curves in VII, 147 

paraUel VII. 128 

of a point VII, 87 

Perspective drawing VI, 285; VII, 75^171 

apparent distortion VII, 152 

axioms of VII, 83 

curves VII. 147 

definitions and theory VII, 75 

projection VII, 75 

system VII. 78 

vanishing point VII, 78 

visual ray VII, 75 

lines of measure VII, 1 05 

notation VII, 95 

plates VII, 157-171 

problems in* Vll. 97 

Perspective plan, method of V 1 1. 1 35 

Perspective projection VII, 76 

Perspective studies VI, 285 

Photometers IV. 344 

Lummer-Brodhun IV, 345 

Matthew's integrating IV, 349 



Photometers 

Weber 
Photometry 

light standards of 

working standards of 
Piazzas, estimating 
Picture plane 
Pier, definition of 
Pilasters 

Corinthian 

Doric 

Greek 

Roman 
PUe-dfiving 
Pile foundations 

concrete 

cost of 

example of 

moulded concrete 

iron and steel 

timber 
Piles, splicing of 
Pillars, definition of 
Pilot nuts 
Pilot valve 
Pin ends column 
Pines , 

Pipe connections 
Pipe and fittings 

fittings 

hangers 

pipe 
Pipe-fitthig tools 

drills 

mistellaneous 

pipe cutters 

pipe tongs 

pipe wrenches 

pliers 

reamers 

stocks and dies 

taps 

vise and bench 



Part Page 

rv. 348 

IV. 341 

IV. 341 

IV, 343 

II. 265 

VII. 76 

III 311; VII. 249 

VIII. 161 

VIII, 155 

VIII. 155 

VIII. 273 

lU. 258 

III. 256; V. 155 

III. 257 

II. 243 

III. 260 

III. 257 

lU, 256 

• III. 255 

III. 261 

VII. 249 

V. 192 

V. 329 

III, 97 
II, 21 

IX. 160 

IV. 173 

IV. 176 

IV. 177 
rv. 173 
rv. 181 
IV, 186 
IV. 186 
IV, 181 
IV. 183 
IV, 184 
IV. 185 
IV, 185 
IV, 182 
IV. 185 
IV, 181 



Pipe for pile driving, number and 

size, table III. 261 
Pipe radiators X, 61 
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Pipe risers for hot water, table 


X. 


124 


Plugs, definition of 


III. 


284 


Pipe sizes, single pipe system, table 


X. 


80 


Plumber, definition of 


^^•. 


201 


Pipes 






Plumbing I. 59. 246. 308 


;X. 201 


-353 


expansion of 


X. 


71 


estimating 


*i. 


282 


warm-air 


X. 


48 


fixtures for 


I, 64. 


245 


Piping for heating system 


X. 


66 


bath tubs 




68 


Piping for hot- water ssrstems 


X. 


HI 


cocks 


X. 


68 


Piston packing 


V. 


334 


connections and vents 


*. 


66 


Pitch-board 


II. 


162 


tanks 


*t 


67 


P;tch roof 


II, 


87 


traps 


*. 


62 


Pitched-face masonry, definition of 


III. 


284 


waste pipes 


*. 


62 


Plain beam, detailed design of 


IV. 


89 


gas piping 


I. 


249 


Plain Ionic capital 


VIII. 


92 


pipes 


A. 


60 


Plain rod 


V. 


194 


brass ^ 


*. 


61 


Plan, definition of 


VI, 


240 


iron 


*» 


61 


Planceer 


IX. 


280 


lead 


». 


60 


Plane of horiion 


VII. 


81 


testing of 


X. 


63 


Plane of light, definition of 


VII. 


174 


soil pipe 


*t 


247 


Planes 






traps 


*t 


247 


auxiliary 


VII. 


196 


Plumbing fixtures 


X. 


209 


distinction between different 


VI. 


274 


bathtubs 


X. 


200 


shadows of 


VII. 


181 


Bidet fixtures 


X. 


219 


Planes of light j. to the co-ordinate 


\ 




drinking fountain 


X. 


220 


planes 


VII. 


201 


foot-bath 


X. 


219 


Planes of projection 


VII. 


85 


gas piping 


X. 


296 


Plans 


VI. 


320 


grease-traps 


X. 


234 


attic 


VI. 


329 


house water supply 


X, 


255 


basement 


VI. 


324 


laundry trays 


X. 


235 


first-floor 


VI, 


324 


lavatories 


X. 


221 


roof 


VI. 


329 


pumps 


X. 


263 


second-floor 


VI. 


326 


shower baths 


X. 


215 


Plastering I, 57, 


. 244. 


297 


sinks 


X. 


229 


estimating 


II. 


273 


sltz baths 


X. 


217 


exterior 


I. 


58 


urinals 


X. 


253 


mixing 


I. 


57 


water-closets 


X. 


237 


Plate 


II. 


55 


Plumbing pipes 


I. 48. 


200 


bearing strength of 


III. 


131 


Plunger elevators 


V. 


332 


Plate glass for windows 


I. 


102 


Pneumatic siphon closets 


X, 


239 


Plate nuts 

• 


V. 


193 


Pneumatic system of supplying water X. 


269 


Plates 


V. 


21 


Point of sight 


VII. 


76 


buckled 


V. 


23 


Pointing, definition of 


III. 


283 


edged 


V. 


21 


Points, shadows of 


VII. 


176 


sheared 


V. 


21 


Pole data, table 


IV. 


271 


trough 


V. 


23 


Polygon for forces at a Joint 


III. 


167 


Platform stairs 


II. 


178 


I^olygons. definition of 


VI. 


58 


Plinth, definition of 


III. 


284 


Polyphase circuits 


IV, 


253 
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Poplar 


II. 


25 


Public hall lighting 


IV. 


330 


Porch floors 


II. 


83 


PuddUng 


III. 


252 


Porches, estimating 


II, 


265 


Pumps 


X, 


263 


Portland cement 


III. 


229 


lift pump 


X. 


263 


characteristics of III. 22S 


i.IV. 


11 


operated by gasoline engines 


X, 


266 


Power distribution 


IV. 


316 


suction pump 


X, 


263 


multiple system 


IV. 


321 


Punched beam, detail of 


V. 


213 


series system 


rv. 


316 


Punching machine 


IX. 


286 


Power transmission of shaft, for- 






Purlins 


in. 


157 


mula for 


III. 


121 


Puttying 


I. 


95 


Practical problems in design 


VI, 


305 


Pyramids, definition of 


VI. 


62 


Pratt-Sprague elevator 


V, 


350 








Priming 


I. 


97 


Quadrangular prism and sphere. 






Prism 






Intersection of 


IX. 


73 


development of 


IX, 15. 67 


Quadrilaterals, definition of 


VI. 


67 


drawing the 


VII. 


30 


Quantum meruit 


I. 


316 


Problems in beams 


V, 


109 


Quarry-faced masonry, definition of 


III. 


284 


Profile 


IX. 


13 


Queen post truss 


II. 


133 


Profile plane 


VI. 


101 


Quoin, definition of 


III. 


284 


Projections II, 196; ^ 


VI, 95 


, 291 








definition of 


VII, 


75 


Radiation, computing IV. 


162. 


195 


isometric 


VI, 


129 


direct IV. 


162. 


195 


oblique 


VI. 


141 


direct-indirect 


nr. 


164 


orthographic 


VI, 


95 


Indirect . IV, 


164. 


195 


principles of 


VI. 


99 


Radiation capacities of expansion 






third plane of 


VI. 


101 


tanks, table 


IV. 


195 


Proper distance to screw pipes into 






Radiator connections 


IV. 


161 


fittings, table 


IV. 


182 


Radiator for furnace 


X. 


42 


Properties of Carnegie corrugated 






Radiators 


X, 


60 


• plates, table 


V. 


40 


cast-iron 


X 


60 


Properties of Carnegie trough 






efficiency of 


X. 


63 


plates, table 


V. 


40 


location of 


X. 


65 


Properties of channels, table 


V. 


42 


pipe for 


X. 


61 


Properties of I-beams, table 


V,38-40 


valves for 


. X. 


72 


Properties of standard I-beams. 






Radius, definition of 


VI, 


59 


ta • 


III. 


82 


Radius of gyration III, 98; V, 


43 


Properties of standard and special 






table of 


III. 


62 


angles, table V. 44, 45. 48. 


51 


Rafter bevels 


II. 


08 


Proportioning fianges 


V, 


264 


Rafters II. 89; 


III. 


157 


Proportioning the web 


V. 


266 


backing of 


II. 


112 


Proportions of cement, sand, and 






common 


II. 


98 


stone, in actual structures, table 


IV, 


30 


hip - 


II. 


109 


Proposal sheet 


I. 


251 


jack • 


II. 


111 


Propylaea VIII. 


51 


valley 


II. 


101 


Protection of steel, paints used for 


V, 


95 


Rain-water cut-off 


IX. 


140 


Protractor 


VI. 


27 


Raised letters 


VI. 


220 
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Raking mouldings 


IX, 


282 


Rendering sections and plans 


VI. 


270 


Ramming concreto 


IV, 


44 


Rendering in wash 


VI, 


257 


Range closets 


X. 


249 


graded tints 


VI. 


270 


Rankine's colunm formula 


III. 


100 


laying w^ashcs 


VI. 


262 


Ransome system of fireproof floors 


V. 


80 


materials 


VI. 


257 


Ray of light 


VII. 


176 


method of procedure 


VI. 


258 


definition of 


VII. 


174 


handling the brush 


VI. 


262 


Reactions on beams, determina- 






inking the drawing 


VI. 


258 


tion of 


III. 


29 


preparing the tint 


VI. 


261 


Reactions of supports 


III. 


26 


stretching paper 


VI. 


258 


Records, stress 


III. 


172 


plates 


VI. 294 


-302 


Rectangular hyperbola 


VI. 


67 


Rendering in water colors 


VI. 


282 


Reducing valves 


X. 


129 


Residence lighting 


IV. 


324 


Reduction in values of allowable 




Illumination 


IV. 


324 


* fiber stress, etc., table 


V. 


36 


•calculation of 


IV. 


324 


Reforming contracts 


I. 


327 


plan of 


IV. 


324 


Refirigerator. design of 


VI. 


311 


lamps 


IV. 


324 


Registers 


IV. 


165 


arrangement of 


IV. 


326 


hopper 


IX. 


157 


types of 


IV. 


324 


warm air 


X. 


52 


table 


IV. 


330 


Regular hegaxon. drawing the 


VII. 


33 


Resisting moment 


IV. 


72 


Regulators 






value of 


III. 


68 


damper 


X. 


136 


Resisting moment of shafts 


III. 


119 


temperature 


X. 


178 


Resisting shear of beam 


III. 


85 


Reinforced concrete 


IV. 11 


-133 


Resolution of a force 


III. 


148 


fiexure in 


IV. 


59 


algebraic 


III. 


149 


retaining walls 


IV. 


100 


graphical 


III. 


148 


Reinforced concrete beams, the- 






Restraint in drawing 


VII. 


13 


oretical assumptions of 


IV. 


65 


Retahilng walls III. 306; IV. 


100: V. 


167 


Reinforced concrete tanks 


IV. 


96 


arch culverts 


IV. 


107 


design of 


IV. 


96 


base-plate 


IV. 


103 


practical details of 


IV. 


99 


box culverts 


IV. 


105 


test for overturning 


IV. 


98 


buttresses 


IV.. 


104 


Relation of engineer to architect 


V. 


144 


coefficients for. table 


III. 


309 


Relation of shop drawings 


V. 


146 


deiiniti'''';rof 


III. 


285 


Relieving arches 


III. 


318 


essential principles 


IV. 


100 


Rendering 






failure of 


III. 


308 


kind of drawing 


VIII. 


313 


footings 


•IV. 


110 


light and shade 


VIII. 


318 


proportions of 


III. 


307 


line work 


VIII. 


314 


protection of 


III. 


308 


materials 


VIII. 


314 


surcharged 


III. 


307 


pencil work 


VIII. 


325 


thickness of 


III. 


307 


studies in VIII. 327 


-333 


weep holes 


III. 


308 


summary 


VIII. 


326 


wind bracing 


IV. 


114 


Rendering elevations 


VI. 


269 


Return duct 


X. 


48 


Rendering in pen and ink VIII. 313 


-346 


Return pipe for heating 


X. 


81 
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Return pipe, sizes, table 


X. 


81 


Roman cohimn 






Return traps 


X. 


133 


entasis of 


VIII. 


263 


Reveal, definition of 


III. 


285 


Roman doorways 


VIII, 


258 


Revetment, definition of 


III. 


285 


Roman Doric order 






Ridge pole 


II. 


Gl 


classic 


VIII. 


199 


Right-hand threads 


V. 


194 


early 


VIII. 


193 


Ring course, definition of 


III. 


311 


Roman gateways 


VIII. 


255 


Ring stones, definition of 


III. 


311 


Roman intercolumniation 


VIII. 


26S 


Rip-rap. definition of 


in. 


285 


Roman letters 


VI. 


147 


Rise, definition of 


III. 285. 


311 


Roman mouldings 


VIII. 


261 


Rise and run. definition of 


II. 


155 


Roman numerals 


VI. 


33 


Riser, definition of 


II. 


155 


Roman ortlers VII. 


245: VIII. 


188 


Risers, arrangement of in 


and 




composed of 






around well-hole II. 


226 


column 


VIII. 


188 


Riveted girders 


V. 


263 


entablature 


VIII, 


188 


Riveted Joints 


III. 


130 


pedestal 


VIII. 


189 


Riveted plates 


III. 


132 


divisions of 






compresssive strength of 


III. 


132 


composite 


VIII. 


189 


tensile strength of 


III. 


132 


Tuscan 


VIII. 


189 


Rivets 






transition from Greek 


VIII. 


223 


bearing value of 


V. 


206 


Roman pediments 


VIII. 


267 


problems in 


V. 


209 


Roman pilasters 


VIII. 


273 


shearing strengrth of 


III. 


130 


Roman temples, plan of 


VIII, 


175 


shearing value of 


V, 


205 


Roman theater 


VIII. 


178 


Rocks 






Roman triumphal arches 


VIII. 


255 


chemical classification of 


III. 


216 


Roman windows 


VIII. 


260 


argillaceous 


III. 


216 


Roof I. 223:11. 87: V. 


16 


calcareous 


III. 


216 


interior supports 


II. 


91 


sllicious 


III. 


216 


rafters 


II. 


89 


geological classification of 


III. 


215 


ridge pole 


II. 


91 


igneous 


III. 


215 


varieties of 


II. 


87 


metamorphic 


III. 


215 


gable 


II. 


87 


sedimentary 


III. 


215 


gumbrel 


II. 


88 


physical classification of 


III. 


215 


hip 


II. 


88 


stratified 


III. 


215 


hip-and- valley 


II. 


88 


unstratified 


III. 


215 


lean-to 


II. 


87 


Rods, stiffness of 


III. 


122 


mansard 


II. 


88 


Roll-rim sinks 


X. 


230 


pitch 


II. 


87 


Roman architecture 


VIII. 


1C5 


Roof arches 


V. 


70 


arch and vault 


VIII. 


165 


concrete- steel 


V. 


74 


character of 


VIII. 


178 


terra-cotta 


V. 


70 


combination of arch and lintel VIII. 


167 


tests of 


V. 


83 


origin of 


VIII. 


165 


Roof covering 


III. 


157 


Roman baths 


X. 


212 


Roof details 


V. 


HI 


Roman column 






Roof framing 


I. 


40 


diameter of 


VIII, 


42 


Roof mensuration 


IX 


243 
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Roof pressures, table 




V. 


132 


Roof trusses, weight of 




III. 


157 


Roofing 


• 


IX. 


238 


corrugated 




IX. 


262 


estimating 




II. 


270 


flat-steam 




IX. 


247 


metal 




IX 


242 


soldering of 




IX. 


252 


standing-seam 




IX. 


257 


Roofing and metal work 




I. 


143 


conductors 




I. 


150 


flashings 




I. 


147 


galvanized iron work 




I. 


151 


gutters 




I. 


149 


inspection of 




I. 


149 


kinds of 








compof.it ion 




I. 


148 


copper 




I. 


146 


slate 




I, 


146 


tin 




I. 


144 


skylights 




I. 


153 


tiles 


V 


I, 


148 


tinned doors and shutters 


I. 


152 


Rosendale cement 




III. 


228 


Rough glass per sq. ft., w 


eight of. 








table 


IX, 


215 


Rough strings 




II. 


159 


Rubbings 




VI, 


291 


Rubble masonry 


I. 133 


: III. 


295 


Rules for ordering steel materials 


V. 


23 


Rimning dog moulding 




VIII. 


74 


Safe angles 




V. 


21 


Safe load of beam 




III. 


83 


Safe loads 


, 


V. 


25 


table 




V. 26-28 


Safe loads uniformly distributed 






for hollow-tile arches, 


table 


V. 


89 


Safe offset for masonry footing 






courses, 


table 


III. 


271 


Safe projection of I-beams footing. 








table 


III. 


273 


Safe strength of beam 




III. 


83 


Safe working loads for 


masonry. 








table 


III. 


273 


Safety governors 




V. 
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Sand 

Sand and cement for mortar, 
amount of. table 
Sand for mortar 
Sanitary science 
Scagliola 

Scale scoop, pattern for 
Scalene cone, development of 
Scales 

force 

used in details 
Scissors truEs 
Scotia moulding 
Screens 
Scroll sign 

Seaming, allowance for 
Secant, definition of 
Second beam formula 
Second-floor plan 
Section, definition of 
Section modulus 
Sectional boiler 

Sectional drawing, definition of 
Sections 

choosing 

uses of 
Sections and plans, rendering 
Sector, definition of 
Sedimentary rocks 
Selection of truss 
Self-supporting walls 
Separators for beams 
Series-lamp mechanism 
Service pipes 
Setting out stairs 

Shade lines 

definition of 

directions of 
Shades and reflectors 

table 
Shades and shadows 

definitions 

notation 

plates 
Shading, varieties of 
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139 


V. 


199 
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70 


I. 
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IX. 


200 
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23 


VI. 


59 


III. 


85 


VI. 


326 


VI. 


240 


III. 71 :V. 


43 


X. 


65 
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283 


V, 


304 


V, 


22 


VI. 


270 


VI. 


60 


III. 


215 


V. 


130 


V. 


12 


V. 


105 


IV. 


299 


X. 


271 


II, 


160 


VI. 107. 
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VII. 


45 
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Shadows 






Sheet metal work 






cIcAnitionof 


VII. 


173 


gusset sheet 


IX, 


198 


of lines 


VII. 


178 


scroll sign 


IX. 


200 


of planes 


VII. 


181 


taper joint 


IX, 


192 


of points 


VIl. 


176 


intersections 


IX. 


65 


of solids 


VII. 


182 


light gauge metal problems 


IX. 


147 


Shadows at 45 degreeR 


VI. 


248 


chut-e 


IX. 


154 


Shaft 






flange, tapering 


IX, 


160 


definition of III. 1 1 7 : VII. 


250 


hopper register 


IX. 


157 


resisting moment of 


III. 


119 


hot-air pipe 


IX, 


151 


stifTness of 


III. 


122 


oblique piping 


IX. 


147 


strength of 


III. 


117 


pipe connections 


IX. 


160 


torsional stress in 


III. 


118 


rain-water cut-off 


IX. 


149 


twist of 


III. 


128 


three-way branch 


IX. 


162 


twisting moment of 


III. 


117 


two-branch fork 


IX. 


166 


Shaft detaUs 


V. 


238 


mensuration problems 


IX, 


357 


Shear 






patterns 


IX, 


65 


external 


III. 


33 


practicai.workshop problems 


IX, 


86 


horizontal 


III. 


87 


bath tub 


IX, 


92 


materials in 


III. 


26 


elbows 


IX. 


104 


metals 


III. 


26 


Emerson ventilator 


IX, 


101 


timber 


III. 


26 


fiuinel strainer pail 


IX, 


96 


maximum 


III. 


41 


hip bath 

• 


IX, 


90 


units for 


III. 


34 


sink drainer 


IX. 


86 


Shear diagrams 


III. 


37 


roofing 


IX, 


238 


Shear notation 


III. 


34 


corrugated 


IX 


262 


Shear stress 


III. 


12 


flat-seam 


IX. 


247 


Sheared plates 


V. 


21 


metal 


IX, 


242 


Shearing strength of rivet 


III. 


130 


soldering of 


IX. 


252 


Shearing value of rivets, deter- 






standing-seam 


IX. 


257 


mination of 


V, 


205 


shop tools 


IX. 


64 


Sheath piling 


V. 


168 


skylights 


IX. 


213 


Sheathing 


III. 


158 


construction of 


IX. 


213 


Sheathing paper 
Sheet copper, table 
Sheet metal work 
construction 
coppersmith's problems 
brewing kettle 
curved elbows 


I. 
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IX. 
IX. 
IX, 
IX. 


303 
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patterns for 
shop tools for 
tables 
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Shingles 
Shop details 

fllustrations of 
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I. 
I, 

V. 


216 

216 

64 

124 

99 
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IX. 


177 


problems in 


V. 


235 


cornices 
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279 


Shop details of girders 


V. 


283 


developments 


IX. 


65 


Shop drawings 


V. 


197 


heavy metal problems 


IX. 


188 


conventional signs 


V, 


202 


boiler stacks 
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189 


details in 


V, 


197 
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194 


relation of 


V. 


146 
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Shop drawings 








flkyUghts 






rivet holes, etc. 




V. 


200 


styles of 






rivets and riveting 




V. 


201 


double-pitch 


IX, 


222 


scales used in details 




V. 


199 


flat extension 


IX. 


222 


Shop invoices of steel 




V. 


150 


hipi)ed 


IX. 


223 


Shop practice and use 


of detail 






single-pitch 


IX.. 


221 


shop drawings 


V. 


146 


Slab bars, practical methods of 






Shower baths 




X. 


215 


spacing 


IV. 


79 


Shrinkage and settlement of build- 






Slab computation, table for 


IV. 


77 




ing 


II. 


68 


Slabs 






Shunt lamp mechanisms 




IV. 


298 


on I-beams 


IV. 


93 


Side construction of terra cotta 






reinforced in both directions 


IV. 


94 




arches 


V. 


71 


reinforcement against tem- 






Signs 








perature cracks 


IV. 


95 


rule of for bending moment 


III. 


42 


Slate roofing 


I. 


146 


rule of in eictemal shears 


III. 


33 


Slating 


I. 


52 


Silicious stones 




III. 


216 


Sleeve nuts 


V. 


193 


Sill 




II, 


49 


Slips, defhiition of 


Ill, 


285 


definition of 




III. 


285 


Slitting shears 


IX. 


286 


Simple beams, table for 


compu- 






Slop sink 


X. 


234 




tation 


IV. 


80 


Slope of soil pipes 


X. 


331 


Single- Jet gas burner 




X. 


304 


Slope- wall masonry, definition of 


III. 


285 


Single-pitch skylight 




IX. 


221 


Small letters 


VI. 


200 


Single-riveted joint 




III. 


130 


Smoke pipes 


X. 


46 


Sinks 




X. 


229 


Snow loads, analysis for 


III. 


176 


Siphon hole 




X. 


285 


Snow loads on roof 


III. 


158 


Siphonage 




X. 


343 


Snow-load stress 


III. 


205 


Sitting room, design of 




VI. 


310 


Sofnt 


VIII. 


70 


Sitz baths 




X. 


217 


definition of 


III. 


311 


Skeleton letter 




VI.. 


193 


of Doric order 


VII. 


273 


Sketches 




VI. 


313 


Soil pipe 


X. 


332 


Sketching 




VI 


286 


fittings 


X, 


336 


materials for 




VI. 


287 


joints 


X. 


340 


subjects for 




VI. 


288 


sizes of 


X. 


332 


water color 




VI. 


283 


slope of 


X. 


331 


Skewback 




III. 


317 


Soil stacks 


X. 


329 


definition of 




III. 


311 


Soils, bearing power of 


V. 


159 


Skin effect, calculating 




IV. 


242 


Solids 






Skylighu 


I. 153 


; IX. 


213 

w 


definition of 


VI. 


61 


bars 




IX. 


216 


shadows of 


VII. 


182 


construction of 




IX. 


213 


Spacing in lettering 


VI. 


199 


curbs 




IX. 


217 


Spacing of standard I-beams for 






patterns for 




IX. 


216 


uniform load 


V. 


30 


raising sash 




IX. 


219 


Spacing of steel l^ams 


V. 


32 


shop tools for 




IX. 


216 


Spall, definition of 


III. 


285 


styles of 




IX. 


221 


Span, definition of 


III. 


311 
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Spandrel, definition of 


III, 


311 


Spandrel beams 


V. 


13 


Spandrel filling 


III. 


316 


Special framing 


II. 


118 


Specific gravity, weight, and re- 






sistance to crushing of brick. 






table 


III. 


224 


Specific gravity, weight, and re- 






sistance to crushing of stones. 






table 


III. 


219 


Specification I. 


228. 


291 


architect I. 


232. 


292 


city laws 


I. 


230 


conditions, general 


I. 


228 


accepted and rejected 






materials 


I. 


229 


changes 


I. 


229 


contract drawings 


I, 


228 


detail drawings 


I. 


229 


responsibiUty of contrac- 






tor 


I. 


229 


contractor 


I. 


292 


contractor's foreman 


I. 


231 


drawings I, 


231. 


293 


employer's liability insurance 


I. 


230 


general scope of 


I. 


273 


ladders 


I. 


230 


laws for 


V. 


52 


materials and labor 


I. 


291 


payments 


I. 


232 


samples of materials 


I, 


230 


BcaiTold 


I. 


230 


sewer and water connections 


I. 


234 


site 


I. 


233 


backfilling 


I. 


234 


excavation 


I, 


234 


time for completion I. 


233. 


293 


Specification reminder 


I. 


285 


Sphere 


IX. 


177 


definition of 


VI. 


64 


SpUces II 


. 36. 


43 


for bending 


11. 


47 


for compression 


II. 


43 


for tension 


11, 


46 


Split nuts 


V. 


193 


Spout, pattern for 


IX. 


27 



Note, — For page number 9 9ee foot of pagcB, 



Spread foundations 

Springer, definition of 

Sprin:?ing. definition of 

Spruce 

Square, drawing the 

Square ends column 

Square-root angles 

Square and round iron bars, table 

Squared-stone masonry 

Squaring shears 

Stacks for indirect heating 

Staining 

Stair-building 

Staircase details 

Stair strings 

Stairs 

curved 

estimating cost of 

geometrical 

laying out of 

open-newel 

setting out 

types, common 
Stairways, design of 
Standard forms of steel connections 
Standard threads 
Standard tin plates, tab^^e 
Standing-seam roofing 

table 
Starling, definition of 
Starshake 
Statics 
Station point 
Statute of frauds 
Staved strings 
Steam boilers 

arrangements of grates 



Part 
V. 

III. 

III. 

II. 

VII. 

III. 
V. 

IX. 

III. 

IX. 
X. 

I. 96, 

II. 153 
VI. 

II. 

I. 84; II. 

It 



II. 
U. 
II, 
II, 
II, 
II. 

VI. 
V. 
V. 

IX. 

IX. 

IX. 

III. 
II, 

III. 137- 

VII. 

I. 

II. 

IV. 136: X, 

IV. 



boiler setting and foundations IV. 

capacity of IV. 
cast-iron boilers with vertical 

sections IV, 

coal consumption of IV, 

for coke rv. 

connectioDi IV. 

fittings IV. 



153 
311 
311 

21 

28 

97 

21 

132 

294 

286 

«!B6 

98 

220 

355 

159 

83 

186 

262 

187 

174 

184 

160 

193 

310 

147 

194 

48 

267 

240 

285 

15 

-212 

76 

323 

160 

54 

137 

139 

142 

136 
143 
139 
140 
142 
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Steam bollera 






Steel 






grate surface and heating 






percentage of 


IV, 


72 


capacity 


IV. 


143 


resistance to slipping of in 






non-conducting coverings 


IV. 


144 


concrete 


IV, 


80 


sectional boilers 


X. 


55 


shop invoices of 


V. 


150 


selection of 


TV, 


137 


Steel bars 


.V. 


23 


small cast-iron 


IV. 


135 


Steel beams 






for soft coal 


IV. 


138 


characteristics of shapes 


V, 


19 


trimminf^ 

• 


IV. 


142 


spacing of 


V, 


32 


tubular boilers 


X, 


57 


Steel columns 


V, 


113 


Steam coils 


IV. 


145 


connections, effect of 


V. 


116 


miter 


IV. 


147 


sections 


V. 


120 


retum-bend 


IV. 


147 


calculations of 


V. 


121 


wall 


IV. 


146 


selection of . 


V. 


120 


Steam elevators 


V. 


315 


shapes used 


V. 


114 


Steam fitting 


X. 


194 


Steel connections, standard forms 






Steam flow, table 


X.76. 


77 


of 


V, 


147 


Steam heating 


I. 


73 


Steel construction 


V. 11 


-314 


boilers 


I. 


76 


Steel crestings 


VIII. 


143 


connections 


I. 


75 


Steel designs, use of tables for 


V, 


24 


modified systems of 


IV. 


170 


Steel frame 


V. 


58 


mercury seal vacuum 


IV. 


172 


columns, position of 


V. 


60 


thermograde 


IV. 


171 


tie rods 


V. 


68 


vapor 


I. 


171 


Steel materials, rules for ordering 


V. 


23 


piping 


I. 


73 


Steel rods 


V. 


23 


radiators 


I. 


76 


Steel square II, 


28. 341 


-367 


valves 


I. 


76 


as applied in roof framing 


II. 


347 


Steam heating, indirect 


X. 


85 


Steel for tension, economy of 


IV. 


62 


Steam-heating boilers, care and 






Steel work, estimating cost of 


V. 


150 


management of 


X. 


103 


Steeples 


II, 


138 


Steam and hot water fitting 


IV. 135 


-198 


StUTeners. use of 


V. 


267 


Steam piping 


IV. 


150 


Stiffness of 






dry return system 


IV. 


150 


beams 


III. 


122 


one-pipe system 


IV. 


153 


rods 


III. 


122 


overhead feed system 


IV. 


151 


shafts 


III. 


122 


two-pipe system 


IV, 


1S3 


StUe 


IX. 


2tl 


wet return system 


IV. 


151 


Stone character of Greek build- 






Steam pressures and temperatures 


IV. 


158 


ings with Doric order 


VIII. 


67 


Steam radiators 


IV. 


145 


Stone cutting 


III. 


2S6 


concealed 


IV. 


145 


terms used In 


III. 


289 


direct 


IV. 


144 


axed 


Ill 


289 


SteDl 






boasted 


III. 


289 


corrosion of 


V, 


94 


broached 


w. 


289 


effect of quality of 


IV. 


91 


busl) hammered 


Ill, 


289 


handbooks on use of 


V. 


17 


chiselled 


III. 


289 


mill invoices of 


V. 


150 


crandaUed 


III. 


289 
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Stone cutting 






Stone cutting 




■ 


terms used in 






tools used in 






deadening 


III. 


289 


tooth chisel 


III. 


288 • 


drafted 


III. 


289 


Stone masonry 


I. 


133 


dressed work 


III. 


289 


arches 


I. 


138 


droved 


III. 


289 


bonding 


I. 


136 


hammer dressed 


III. 


289 


classification of 






herring bone 


III. 


289 


ashlar 


I. 


135 


nigged 


Ill, 


289 


rubble 

• 


I. 


133 


patent hammered . 


III. 


289 


columns 


I. 


138 


picked 


Ill 


289 


Jambs 


I. 


138 


pitched 


III. 


289 


laying of stone 


I. 


135 


plain 


III. 


289 


lintels 


I, 


138 


pointed 


III. 


289 


quoins 


I. 


138 


polished 


III. 


289 


rules for laying 


HI. 


296 


prison 


III. 


290 


trimmings 


I. 


138 


random tooled 


III. 


290 


Stone paving, definition of 


HI. 


285 


rock-faced 


III. 


290 


Stones 


I. 


120 


rubbed 


III. 


290 


artificial 


IH. 


218 


rustic 


III. 


290 


building 


HI, 


216 


scabble 


III. 


290 


classification of 


HI. 215. 


202 


smooth 


III. 


290 


chemical 


HI. 


215 


square-droved 


HI. 


290 


cut 


HI. 


203 


striped 


III. 


290 


geological 


HI. 


215 


stroked 


III. 


280 


physical 


HI. 


215 


tooled 


III. 


290 


squared 


HI. 


292 


toothed 


III. 


290 


misquared 


HI. 


292 


vermiculated worm work 


III. 


290 


dressing 


HI. 


286 


tools used in 


Ill, 


287 


finishing of 


I. 


130 


axe 


III. 


287 


general rules for laying 


I. 


140 


bush hammer 


III. 


287 


preservation of 


HI. 


218 


cavil 


III. 


287 


testing of 


I. 


129 


chisel 


III. 


288 


tests for 


HI. 


217 


crandall 


III. 


287 


absorptive power 


HI. 


217 


double-face hammer 


III. 


287 


atmospheric effect 


IH, 


218 


facehanmier 


III. 


287 


frost effect 


HI. 


218 


hand hammer 


III. 


288 


Stonework 


I. 


120 


mallet 


III. 


288 


estimating 


II. 


243 


patent hammer 


III. 


288 


general inspection of 


I. 


141 


pean hammer 


Ill, 


287 


pointing 


I. 


143 


pick 


III. 


287 


stock 


I. 


120 


pitching chisel 


III. 


288 


stone 


I. 


120 


plug 


HI. 


288 


Stop block 


IX. 


281 


point 


III. 


288 


Storage cylinders for hot water 


X, 


284 


splitting chisel 


III. 


288 


Story rod 


II. 


160 


tooth axe 


III. 


287 


Stoves 


X 


" 
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Straight flights 


II. 


177 


Straight-line formula for columns III. 


106 


Straight lines in drawing 


VII. 


19 


Stratified rocks 


III. 


215 


Street lighting 


IV. 


333 


table 


IV. 


336 


Strength of beams 


Ill, 


62 


laws of 


III. 


83 


safe 


III. 


83 


Strengrth of materials 


Ill, 11 


-134 


Strength of shafts 


III. 


117 


formula for 


Ill, 


119 


Stress 


III. 


11 


compressive 


III. 


12 


dead load 


III. 


203 


direction of 


•V. 


303 


fiber 


Ill, 33. 


67 


shear 


III. 


12 


snow load 


III. 


205 


tensile 


III. 


12 


unit 


III. 


13 


wind load 


Ill, 


205 


Stress-deformation diagram 


III. 


16 


Stress in diagonals 


V. 


304 


Stress diagrams 


III. 


168 


Stress records 


III. 


172 


table 


Ill, 181. 


206 


Stress at a section 


III. 


11 


Stresses 






temperature 


III. 


125 


top chord 


V. 


301 


Stresses in trusses 


III. 161. 


199 


Stresses in verticals 


V. 


303 


Stretcher, definition of 


Ill, 


285 


Stretching paper 


VI. 


258 


Stretchout line 


IX. 


13 


String-board, definition of 


II. 


155 


String course, definition of 






III. 285. 


311; VII. 


240 


Strings, stair 


II. 


159 


Structural elements of building 


\ V, 11. 


153 


bearing partitions 


V. 


14 


enclosing walls 


V, 


11 


fioors 


V. 


16 


roof 


V. 


16 


Structural materials 


III. 


215 



Studding 

Study of the orders VII. 245-391 : 

composite 
- Corinthian 

denticular 

Doric 

Ionic 

mutular 

Roman 

Tuscan 
Stylobate 
Subjects to sketch 
Suction pump 
Superimposed orders, use of 
Superposition, definition of 
Superposition of the orders 
Supply connections for indirect 

radiators, table 
Supply mains, capacity of. table 
Supports for partitions 
Surfaces, definition of 
Sycamore 

System of measurement for the 

order 



Part Page 

II. 57 

VIII. 11-279 

VII. 318 
VII. 301 
VII. 262 
VII. 262 
VII. 280 
VII. 262 
VII. 245 
VII. 258 

VIII. 62 

VI. 288 

X 263 

VIII. 172 

VII. 321 

VII. 329 

IV. 157 

IV. 156 

II. 74 

VI. 56 

II, 26 

VIII. 42 



T-square 

Table 

absorptive power of stones 
air. velocity of in flues 
air pipes, sizes of X. 

air supply per person 
allowable unit-stresses 
angle iron 

barrels of Portland cement 
per cu. yd. of mortar 
bearing power of soils III. 
board measure 
box culverts, dimensions for 
brass, weight of sq. ft. of 
breaking loads of hollow tile 

arches 
bricks, size and weight of 
building laws 
centers of gravity 
circuit mains, sizes of 
coefficients for deflection, etc. 



VI. 15. 231 



III. 
X. 

49. 51. 

X. 

V. 

IX. 

IV. 

268; V, 

II. 

III.. 

IX. 

V. 

Ill, 

V. 

III. 

IV. 
V. 



217 
97 
52 
30 
53 

134 

31 
159 
253 
326 
122 

87 
223 

52 

62 
150 

35 
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Table 

coefficients of elasticity II , 123 

column capacity V. 1 26 
conductors in fibrous conduit. 

sizes of IV. 215 
copper, weight of sq. ft. of IX, 1 22 
corrugated sheets, measure- 
ments of IX. 264 
drop in alternating-current 

lines, data for calculating IV. 247 

efficiency of globe combinations IV. 340 

enclosed arcs, data IV. 304 

estimating II. 235 

exhaust fans X. 173 

exposure factors X.. 34 

factors of safety III. 20 

fan capacity X. 163 

fire pot for furnace, diameter of X, 44 
flat-rolled iron per linear 

foot, weight of IX. 126-131 

flat-seam roofing IX. 239 
gas pipes, maximum run and 

number of burners for X. 303 

Greenfield fiexible steel conduit IV. 205 

heat loss X. 34 

heaters X. 153. 155 
heating surface supplied by 

pipes X. 79 

hot' water radiation X. 121 
illuminating data for meridian 

lamps IV. 328 
indirect hot- water radiation X. 126 
indirect radiation X. 103 
ingredients in 1 cu. yd. concrete IV, 31 
intrinsic brilliancies in candle- 
power per sq. In. IV. 322 
iron, weight of sq. ft. of IX. 1 22 
keystone for semicircular 

arches, depth of III. 313 

lead, weight of sq. ft. of IX. 1 22 

lighting data for arc lamps IV. 332 
lighting data for Cooper-Hewitt 

lamps IV, 333 

maximiun shear III, 63 

measure, size of IX 40 

mild-steel columns, data for III, 107. ILL 



Part Page 
Table 

roinifnum thickness of abut* 

ments for arches III, 315 
modulus of elasticity of some 

grades of concrete IV. 71 

moment diagrams . III. 63 

moment of inertia III, 62 
moulding, sizes of required for 

various sizes of conduits IV. 212 
neat cement, strength of IV. 22 
offsets, data relating to X. 275 
one-pipe risers, capacities of IV, 156 
percentage of water for stand- 
ard sand mortars IV. 17 
pipe risers for hot water X, 124 
pipe sizes, single pipe system X, 80 
pipes for pile driving, number 

and size of III, 261 

pole data IV. 271 
proper distance to screw pipes 

into fittings IV. 182 
properties of Carnegie corru- 
gated plates V, 40 
properties of Carnegie trough 

plates V. 40 

properties of channels V. 42 

properties of I-beams V. 38—40 

properties of standard I-beams III, 82 
properties of standard and 

special angles V. 44, 45, 48-51 
proportions of cement, sand, 
and stone in actual stnu> 
tures IV. 30 
radiation capacities of expan- 
sion tanks IV. 105 
reduction in values of allow- 
able fiber stress, etc. V. 36 
residence lighting IV, 330 
retaining walls, coefficients for III. 309 
retiun pipe, sizes X, 81 
rigid, enameled conduit, sizes, 

dimensions, etc IV, 202 

roof pressures V, 132 

rough glass per sq. ft., weight of IX, 215 

safe loads V, 26-28 
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Table 

safe loads uiilforraly<iistributecl 

for hollow-tile arches V. 80 

safe offset for masonry footing 

courses III. 271 
safe projection of I-beams 

footing III. 273 
safe working loads for masonry III, 273 
sand and cement for mortar. 

amount of III. 246 
shades and reflectors IV. 338 

sheet copper IX. 123 

sheet zinc . IX, 1 24 

single wire in conduit IV. 202 

skin effect, data for calculating IV. 242 
spacing of standard I-lx^ams 

for uniform load V. 30 
specific gravity, weight, and 
' resistance to crushing of 

brick 

specific gravity, weight, and 

* resistance to crushing 

of stones 
square and round iron bars 
standard and special angles. 

properties of V, 44, 
standard tin plates 
standing seam roofing 
steam flow X. 

street lighting data 
stress record III, 

supply connections for in- 
direct radiators, sizes of 
supply mains, capacity of 
tee-beams 
tee iron 
temperature of steam at vari- 
ous pressures IV. 158 
tensile strength of cement 

mortar III, 239 
thickness of brick-bearing 

walls V. 54 

three wires in one conduit IV, 203 

tin plates, net weight per box IX. 24 1 
tin plates, standard weights 

and gauges IX. 241 
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III. 


224 


III. 


210 


IX. 


132 


45. 48,51 


IX. 


48 


IX. 


240 


76. 


77 


IV, 


336 


181. 


206 


IV. 


157 


IV. 


156 


IV. 


132 


IX. 


134 



Table 

transverse strength of stone 
brick, and concrete 
tubular boiler 

two-pipe risers, capacities of 
two wires in one conduit 
ultimate load on rectangular 

beams of concrete 
ultimate load on slabs of con- 
crete 
U. S. gauge for sheet and plate 

iron and steel 
voltage, effects'of change in 
wall dimensions 
water pressure 
weight of masonry 
weights of hollow-tile floor 
arches and fireproof ma- 
terials 
weights of materials in floor 

and roof construction 
weights of various substances 
and materials of construc- 
tion 
white light reflected from dif- 
ferent materials 
zinc, weight of sq. ft. of 
Tables, use of for steel design 
Tabularium at Rome 
Tangent, definition of 
Tangent system of handrailing 
Tanks. reinfoi'ce<l concrete 
Taper Joint 
Tapering fiange 
Tea pot. pattern for 
Tee bars 
Tee l)eams 

area of steel 
design of 

moment of section 
shear of 
strength of 
table 

tables for computation of 
Tee iron, table 
Temperature regulation of water 



V. 


54 


X. 


53 


IV. 


157 


IV. 


203 



IV. 81 



IV. 78 



IX. 


125 


IV. 


202 


III. 


305 


X, 


258 


III. 


267 


V. 


88 


V. 


00 



V. 101 



IV. 


323 


IX. 


122 


V. 


24 


VIII. 


201 


VI. 


50 


II. 


106 


IV. 


06 


IX, 


192 


IX. 


163 


IX. 


33 


V. 


23 


IV. 


126 


IV. 


127 


IV. 


126 


rv. 


130 


IV. 


121 


IV, 


132 


IV. 


131 


IX. 


134 


X. 


280 
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Tomperature regulators X, 1 78. 


2S8 


Testing with the slate in freehand 






essential features of 


X. 


178 


drawing 


VII. 


23 


air compressor 


X. 


178 


Tests of floor and roof arches 


V. 


83 


diaphragm valves 


X. 


180 


Tests of partitions 


V. 


02 


thermostat 


X. 


179 


Theater of Marcellus. Rome VIII. 1 73. 


207 


Temperature of steam at various 






Third plane of projection 


VI. 


101 


pressures, table 


IV. 


153 


Tholos at Epidauros 


VIII, 


126 


Temperature stresses 


III. 


125 


Thumb tacks 


VI. 


13 


Temple of Antoninus and Faustina 


1 




Tie beam 


II. 


92 


Rome VIII. 


239 


Tie rods 


V, 08. 


193 


Temple of Apollo 


VIII, 


40 


Thnber 


II. 


11 


Temple of Castor and Pollux 
Temple of Ck>ncord 


VIII, 


228 


In its commercial form 


II. 


17 


VIII. 


43 


conversion of 


II, 


17 


Temple at Cori. Italy 


VIII, 


196 


defects in 


II. 


14 


Temple of Corinth 


VIII. 


26 


checks 


II. 


16 


Temple of Diana Propylaea 


VIIU 


12 


dry rot 


II. 


15 


Temple of Jupiter Olympus, AthensVIII 


228 


heartshake 


II. 


14 


Temple of Mars Ultor. Rome 


VIII. 


230 


• starshake 


II. 


15 


Temple of Minerva. Assisi 


VIII. 


235 


warping 


II. 


15 


Temple of Minerva at Athens 


VIII. 


29 


wet rot 


II. 


15 


Temple of Minerva Polias at Priene VIII. 


112 


windshake 


II, 


14 


Temple of Nik6 ApteLX)s 


VIII. 


95 


general characteristics of 


II. 


20 


Temple of Nimes, France 


VIII, 


239 


cleavage 


II. 


27 


Temple of the Sun. Rome 


VIII. 


239 


flexibiUty 


II. 


27 


Temple of Theseus VIII. 15. 


47 


hardness 


II. 


27 


Temple of Vesta 


VIII. 


232 


toughness 


II. 


27 


Temple of Zeus. Athens 


VIII. 


119 


knots 


II. 


17 


Templets, definition of 


III. 


277 


varieties of 


II, 


19 


Tenon-and-tusk joint 


II. 


40 


Timber beams, design of 


III. 


SS 


Tensile strength of cement mortar 


1 




Timber trusses 


II. 


13J 


table 


III. 


239 


Thi roofing 


I.- 


144 


Tensile strength of riveted plates 


III. 


132 


Tuismithing 


IX. 11-00 


Tensile stress 


III. 


12 


capacity of vessels 


IX, 


12 


Tension 






construction 


IX. 


11 


materials in 


III. 


21 


intersections and developments IX. 


12 


cast iron 


III. 


23 


cone 


IX. 


19 


steel 


III. 


22 


cylinder 


IX. 


14 


timber 


III. 


21 


hexagonal prism 


IX. 


14 


wrought iron 


III. 


22 


intersected cylinder 


IX. 


10 


splices for 


II. 


45 


prism 


IX. 


15 


Tension and flexure 


III. 


91 


vertical prism 


IX, 


17 


Terra cotta arches 


V. 


70 


patterns 


IX, 


12 


end construction of 


V. 


71 


methods of obtaining 


IX. 


12 


side construction of 


V, 


71 


notching 


IX. 


24 


Testing drawings by measiu^ment 


VII. 


37 


transferring 


IX. 


25 


Testing electric wiring equipment 


IV. 


236 


seaming, allowance for 


IX. 


23 
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Tinsmithlng 

shop tools IX, 

wiring, allowance for IX. 

workshop problems, practical IX, 

colander IX. 

drip pan IX. 
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